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DEVICE FOR T}IE IGITAL SIGNALS WITH

rvE STRUCTURE, AIID qORRESPONDTNC MODq

- METHOD..
E4 crt 6 nu rd a,F;@1i!i!ft-

The f ie-i.d of tfrdTverition is that of the
transmission and broad.casting of digital signals,
especially in the presence of transmissj-on noises.
More specif ically, t,he invention relates to the
reception of digital, signals encoded by means of a

convolutlve Llpe error correction code.

The inventj.on can be applied in all cases where

digital signals are triansmitted. or broadcast' on noise--

infested channels. For example, the present invention
can be implemented in recej.vers of systems for digital
radiocommunications with rnobi1e units such as the GSM

system.
Other possible applications are' for example, the

reception of 's5-gnals transmitted by RF channels,
satellites, eLc. More generally, the invention can be

applied advantageously in all cases where a convolutive
t1pe. 

':code is implemented at transmission.
-, In the known type of receivers, the slnnbols

retrieved at output of the demodulator take the form of
analog samples which, after quantification, are
generally processed. by an equalizer (a transversal
filter) given the task of eliminating the inter-s1mbol
interference introduced by the channel. The equalized'
samples are then de-interleaved if necessary and

decoded before being given to the addressee.
The principle of equalization consists in

estinating the response of the transmission channeL for
the application, to the received signal, of ? filtering
operation slnnmetrical to this response so as toibbtain
a corrected signal.. fn particular, the equalization is
aimed. at elimS.nating or, at, I least, at limit'ing the
inter-slmbol interference introduced by the channel"

4
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The response of the channel is generally estimated
by the analysis of a reference signal known to the

receivers. Of course, the transmission of these

reference signals leads to a red.uct,ion of the useful
bit rate.

The equalized items of data are then de-j.nterleaved
(in an operation syrnmetrical- to the interLeaving done

at the time of encoding, if such an interleaving is
planned) and then decoded..

In Certain situations, iL happens that the

equalization of this tylpe is not sufficient, to ensure

high quality source d.ecod.ing.

The article by P. Jung and P.W. Baier, "VLSI
implementation of soft output Viterbi equalizers f6r
mobile radio applications" (froc. of IEEE 42nd

Vehicular Technology. Society Conference, Denver,

Colorado, PP. 577-585, May tgg}) proposes the use'

instead of a transversal filter, of a s1'rnbol detector
working accord.ing 'to the principle of maximum

likelihood.
This technique is

coefficients representing
estimated. However, once

d.ata nay prove to be

more efficient if the
the channel are ProPerIY

again, the equalized' items of
of insufficient qualitY.

Furthermore, it ls more complicated t,o make and

requires more space than with the transverse filter
technique.

Convolutive cod,es are codes that associate at least
one encoded iten of data with each item of source data

to be encod.ed.. This encod.ed item of data is obtained
by t,he modulo 2 summation of t,his item of source d'ata

wit,h at least one of the previous items of source d.ata.

Thus, each encoded signal is a linear combination of
the item of source data to be encoded aria pfevious
items of source d.ata taken into account.

/i n
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In the decoder, the original items of data are most

usually reconstructed by means of a maximum likelihood
algorithm, for example the Viterbi algorithm, whose

decisions may be weighted if necessary. Tl:e Viterbi
algorithm, in taking account of a sequence of received
encod.ed s1'mbols, provides an estimation of each item of
data encoded. at transmission, iD defining the source
sequence most probably corresponding to the received
sequence.

lhe Viterbi algorithm may also be used to detect
sequences af f ected by J.nter-synbol interf erence. The

invention can be also applied in this case.
Clearly, the greater the number of synbol.s taken

into account, the more relj-able is the decision. By

cont,rast, the greater this number, the more cornplicated
is the decoder or the detector (hereinafter, the term

r(, decoder )-, is ,used. to describe decoders themselves as

well as d.etectors. This observation is applicable also
,7-Ji&:i* to the term 

r<rd.ecodi-ng\ 
which must be understood to

l5

-j? r
'?'1 .iv",:,, i

zt .\
.Xrx

rrr20 mean <,decoditrg ), or (,detection ),as the case may be.r
7'?,-- 'l -------'r 2 -- :J -- --J --
f-i,'&'" The memory space need,ed, soon becomes very great, 8s do

the corresponding computation times.
The integrated circuits that inplement such

algorithms therefore most usually rely on a compromise
between cost and performance. These industrj-al-level
choices do not always enable the construction of
decoders that correspond. in an optimum way to a given
application. For example, it is not, possible to make

low-cost, decoders for applications where the reception
quality is not of crucial importance, as integrated
circuits cost too much. Conversely, these i-ntegrated
circuits too are not suited to the making of recijlvers
with very high decoding quality for which the cost
price i.s of little importance.

An advantageous example of convolutive encoding, to
which the invention can be applied, j.s described in the

25

!an
I ,ll
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French patent application FR gL 052g0 fired on behalf
of the same Applicants as well as in the article by c.
Berrou, A. Glavieux and p. Thitimajshima, ,,Near Shannon
limit error-correcting cod.ing and d.ecod.ing: turbo-
codest' (Proc. ICC ' 93 , pp. l-064-1070, Geneva,
switzerland., May 1993). This class of codes is known
in particular as ttturbo-cod,esrt.

The elementary codes (recursive systematic or
pseudo-systematic cod,es,) described in the French patent
appllcation FR 9L o527g filed on behalf of the present
Applicants may also be used.

The invention is aimed especiarry at overcoming the
drawbacks of the prior art reception device and more
specifically at' inproving the corresponding performance
characteristics

More specifically, a goal of the invention i.s to
provide a devi.c.e of this kind with very high corrective
capacity as compared with known nethods presently used
in dlgital communications systens.

The invention is aimed in parti-cular at providing
methods of this kind that are particularly efficient,
again with respect to known methods, for transmission
in highly noise-infested channels.

It is also an aj.m of the invention to provide a
device of this kind that is highly efficient but
nevertheless easy to manufacture on an industrial scaLe
at acceptable costs.

lhus, a particular aim of the invention is to
provide a decoding method enabring implantation on a
silicon surface that is small enough for its
industrial-scare manufacture to be possible, for
exampler on a surface area srnaller than 50 mm2. .

It is also an aim of the j.nvention to provide a
method of reception used for the making of numerous
types of receivers with performance characteristics and
cost price that vary as a function of the needs

l5
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fulfilled., i-mplementing one or more integrated circuits
of a single type.

In other words, dtr essential aim of the invention
is to provide met,hods of this kind enabling firstly
profitable industrial-scale manufacture based on the
d.evelopment of a single and relatively simple
integrat,ed. circuiL and, secondly, the making of
receivers that can be used for a very wid.e variety of
applications. ,-55 - - -- - -d;il(,t!4atvd 2 / fu- h rza /*r.,t0 These- gbdl-s'. d'st weli--dd"ottrers that shall appear
hereinafter are achleved according to the invention by
means of a device for the reception of signals formed
by a series of digital sXmbols cortesponding to the
convolutive encoding of items of, source digital data

15 comprising p cascade.-connected detection and decoding
modules M1 to Mpr p being greater than or equal to 2,
each of said mod,ules Mi including:

inter-symbol interference correction means supplied
by a symbol input Ri and delivering estimated s1'rnbols
Airl with weighted values,

means for the decoding of said estimated. slnnbols
Ai,1, performing operations symmetrical to said
convolut,ive encoding and delivering decoded s1'rnbols
Air2 with weighted values, and

means for t,he computation of an item of correction
information ZL+L from said estimated. slnnbol Airl and
said decod,ed. slanbol AL,Z,

sald means for the correction of each of said
modules Mi, except for the first module ML, taking
account of at least one item of correction inforrgation
21 determined by the previous mod,ule Mi-t.

fhus, according to the invention, the stand.ard
function of equalization (filtering) is replaced by a

symbol deteetor that takes account of the memory effect
introduced by the channel.

I
i, i'i\x
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In other words, the inventj-on proposes a completely
novel and optimized approach to the correction of
inter-symbol interference. Indeed, conventionally, the
equalizatlon does not take account of the items of data
transmit,ted but only of the channel estimation. By
contrast, the inventj.on is based. on a dyramic approach,
in taking account, of the last, slnnbols received to
improve the equalizatj-on.

fn other words again, the invention, in its general
principle, likens the effect of inter-symbo_l
interference to a particular convolutive encoding
(except that there is no iedundancy in the case of
interference: to a symbol emitted on the channel,
there comesponds one and'only received, symbol), and
carries out its decoding. More specifically, the
phenomenon of inter-symbol interference j-ntroduced by
the channel may be represented by a laLtice. This
lattlce differs from a convolut,ive encoding lattice by
the presence of nultiplier coefficients that vary in
tine. Thus, each module of the invention includes
correction means and decoding means having similar
structures based on convolutive decoding techniques.

The technique of the invenLion therefore consists
in computing an item of correction informatj-on that
represents the received, symbol and in taking account of
one or more of these items of information to correct
the interference

It vrill be understood. that the taking into account
of this information element dictates an iterative
reception structure because of the latency.introduced

.by the processing operations. Thus, during the'first,
iteration, a first item of correction information is
computed. This information element is used and, as the
case may be, it is recomputed during the following
iterations. Accord.ing to the invention, the iterative
approach takes the form of a structuring of the

12
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receiver (detector of slanbols and decoder) in the form
of cascad.e-connected modules with each module
corresponding to an iLeration. This is a eompletely
novel approach to the correction of inter-s1mbol
interference.

Advantageously, these modules are all identical.
In particular, they may take the form, of integrated
circuits.

lhe greater the number of modules, the greater is
l0 the increase in the efficiency of reception (correction

of inter-s1.rnbol interference and decoding). Ihe
modular approach of the invention can be used to easily
obtain several types of receivers corresponding to
different levels of reeeption quality, as a function of
the nodules implemented,. Similarly, it is possible to
provide for decoders with an open-ended structure to
which nod,ules may b6 added as needed.

According to a preferred embodiment of the
invention, each of said modules Mi has two inputs, one
slmbol lnput, Ri and one correction input Zi and three
outputs, one symbol output Ri+l, one correctj-on output
Zi+L and one d.ecoded synbol output Di+1,
the slnnboJ. input Ri of the moduJ.e Mi being connected to
the synbol output R1 of the module Mi-t for i greater
than 1 and being supplied with the symbols received for
i equal to 1,

2r
I

!
\

n< ;,

the correctlon input Zi
connected to the correction
1 for i greater than L

neutral value that d.oes not
equal to 1,
the synbol output Ri11 of the module Mi being equ'al to
the symbol input Ri of said module Mi d.eLayed by the
latency tine dictated. by the module M1,
the correction output Z5+L delivering said correction
information, 'and,

of the nodule Mi being
output, Zi of the module Mi-

and being supplied with a

affect the correction for i
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the decoded. s1'mbol
mod.ules M1 to Mp_l

I

output Di+1 being unused for the
and being supplied. with the decoded

sytnbol AprZ of the module Mn if the code implemented is
a systematic code and, if not, with a correspond.ing
reconstituted value.

This structure, as indi.cated, furt,her above, makes
it, possible to design identical modures. of course,
depending on whether it is the first module, the last
module or an intermediat,e module, the inputs and
outputs used, may be different.

Ad.vantageously, said means for the correction of
the inter-s1'rnbol interference are suppried with an item
of correction information zi representing a difference
between each decoded slnnbotr AL,z and the corresponding
estimated s1mbol Ai 

r 1.
In this case, preferably, said means to compute the

item of correction information comprise means for the
multiplication of said estimation symbols Ai,1 by a
positive weighting coefficlent T2 delivering weighted.
s1nnbols, and subtractj.on means computing the difference
between each deeoded slnnbol A1,z and the corresponding
weighted. syinbor and deriverj-ng said item of correction
information Zi.

rn partS,cular, the value of this coefficient is set
in such a way that the information borne by Zi no
longer contaj-ns any informat,j.on relating to Ai 

r l so
that the noise affecting zi and the received samples Ri
are decorrelated Thus the information element
reinjected. into the input of the equarj.zer is ,,new,' as
conpared with the received samples (it comes from the
decoding process ) . rt sharl be called '"extrinsi.c
inf ormationtt . r'

According to an ad,vantageous embodiment, said means
for the correctj.on of inter-symbol interference perform
the following operations: ,

l5
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the computation of a correction value Vi =

flzil , where T1 ls a posit,ive coefficient and where ll
represents the absolute value operator;

- for each arm of the lattice corresponding to said
convolutj.ve code, the determinS-ng of a detected s1'mbol
AirO, comprising the fol'lowing steps:

if the syrnbol assigned. to said branch has
the same sign as said item of correction information
Z!, t,he subtraction, from the metric associated with

l0 said arm, of said correction value Vi;
if the spnbol assigned to said arn has a

sign opposite that of said item of correction
information ZL, the addition, to the metric associated
with said arm, of said, correction value V1;

15 the subtraetion, 'from said detected synbol Airg,
of the value TLzi.

An object of the Latter subtraction is to "rid" the
output of the s1'mbol d.etector and hence, all the more
so, the input of the convolutive decoder, of the
information element carried by Zi.

The weighting of the s1'mbols transnitted on the
channeL is aimed,, conventj.onally, at representing the
inter-symbol interference. The weighting coefficients
may be fixed or, prlferably, estimated, for example by
means'of a learning sequence.

Preferably, said coefficient 11 depends on at least
one of the items of information belonging to the group
conprising:

- the signal-to-noise ratio;
30 - the riunber i of the module considered.

Ind,eed it can be seen that the greater the value
TL, the more reliable is the output of the d,ecoder..

When the s1'rnbols are subjected to interleaving
transmission, the decoder preferably comprises:

de-interleaving means providing for the
symmetrical operation of said interleaving, inserted

of

at
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between said correction means and said d.ecoding means;
and

interleaving means providing for an j"nterleaving
of said. items of correction information that is
identical to said interleaving at transmission

The interleaving and de-interleaving may be done by
means of matrices.

The read.ing and writing increments may be fixed or,
more advantageously, may depend, on the read or write
address.

The invention also relates to a detection and
d.ecoding module designed. to be implemented in a device
for the reception of signals formed by a series of
digital symbols corresponding to the convolutive
encoding of items of source digital data, said device
comprj-sing at least two cascad.e-connected modules,
the module having two inputs, one s1'rnbol input Ri and
one correction input 21, and three outputs, one s1mbol
output Ri+l, one correctj-on output Zi+I and one d.ecoded
symbol output Di+1,
and conpr5.sing:

means for the correction of inter-symbol
interference supplied by said s1,rnbol input Ri and
takinSi account of said correction input Zi and
delivering estimated slnnbols Ai,1,

means for the decoding of said estimated. symbols
Airl, performing operations synmetrical to said,
convolutive encoding and delivering decoded symbols
AL,z, and

means for the computation of an item of correction
information ZL+t from said. estj-mated symbol Air.l and
said d.ecoded syrnbol Ai,Z,
the slnnbol output Ri+l being equal to the synbol input
R1 delayed by a predefined. latency time,
the correction output Zi+L dellvering said correction
i.nformatlon, and

l5
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the decod.ed symbol output Di+1 being supplied with said
decod.ed syrnbol Li,Z or with a value reconstituted as a
function of t,he code implemented.

As indicated here above, a module of this kind in
particular may take the form of an integrated circuit.

The invention further relates to a method for the
reception of signals formed by a series of digital
sl.rnbols corresponding to the convolutive encoding of
items of source digital data conprising the following
steps:

- supplying with received sltnbols Ri;
the correction of inter-s1'rnbo1 interf erence

affecting each of said.received synbols, by means of an
j.tern of comection informatd-on ZL, and the delivery of
est,imated syrnbols A1, 1i

the decoding of said estimated slmbols A1 , 1,
entailing operatS.ons slnnmetrical to said convolut j-ve

encod.ing, and, the delivery of decoded s1'mbols A1,2i
the computation of said items of correction

informat,ion Zi from at least one of said estimated
s1'rnbols Ai 

r l and at least one of said decoded symbols

Ai ,2'
Ott*er feabures ard advantages es fihe- *nvert*en
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The invention can be applied, as indicated here
above, to all systems of digital transmission
implementing a convolutive error correction encoding
operation as shown in Figure 1.

This system has a digital source 11 that must be
transmitted to an add.ressee L2.

The term t aigituf sourcetrr'i" understood. to mean

any useful digital signal (sound, j-rnage, data) and more
generally any set of useful signals, for example time-

l5
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division rnultiplexed and/or f requency-d.ivision
multiplexed. signals. The ad.dressee '12 may be a single
ad.dressee (in the case of transmission) or a multiple
addressee (in the case of broadcast,ing). Similarly,

30 the transmj.ssion line may of course be one-way (as in
radio broadcasting) or two-way (as
communications for dxample) .

Ihe source of signal. is first of all subjected to a

convolutive encoding 13 of a type known per se. It may

consist, in particular, of a standard. sysLematic
convolutive 'encoding assocj.ating, with each item of

in radio
t
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source data, dt least, one determined value by the
combination of this item of data with at least one of
the previous it,ems of source data.

It may also be a. code such as one of those
described. in the patent applieation FR 91 05278. These

codes, known as t'pseudo-systematicrt codes, are

characterized by the fact that the source data j-s

transmitted systematically, tn conjunction with at
least one encod,ed item of d.ata or redundancy symbol.

Any other convolutive code may also be used.
f.he items of data delivered by t,he encod'er 13 are

then advantageously (atthough this is not an obligatory
characteristic) subjected to an interleaving operation
L4.

fhis interleaving operaLion may be obtained
conventionally 'by meins of an interleaving matrix in
which the items oi source data are introduced line by

line and restored column by column.
The module L4 provides for matrix interleaving.

The j-tems of data are written, io successive lines, ir
a memory with a sj.ze ngxng, and restored in successive
columns. This technique is d.escribed for exanple in
the article by E. Dunscombe and F.C. Piper, "Optima1
interleaving scheme for convolutional coding", iil
ttElectronics Letterstr, voL. 25 , No. 22 , october 1989 .

As can be seen in this article, the efficiency of
the interleaving for small values of ng (some tens) is
S,mproved if the succession of rows and columns occurs
accord.ing to an increment greater than t, this
increment being, by necessity, relatively prime with
ng.

An additional improvement to this technique of
interleaving may be implemented. For it appears to be

advantageous that the row-skip increment, which is
always relatively prime with ng, should be a function
of the posit,ion of, the column considered. This makes

\{t\
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it possible to break the rectangular-positioned error
packets.

In this case, the inLerleaving matrix read.
increments are chosen in such a way that the minimum
d.istance at output, between two symbols that are
neighboring at input is as great as possible. These
increments may, for example, be determined empirically.

Other interleaving'techniques may of course be
used., especially the usual method of write and read
increments equal to L, without departing f rom th_e

framawork of the invention. It is also clear that the
rows and columns may be inverted.
' Then, the interleaved, signal is transmitted through

the transmlssion channel- 15. It therefore undergoes a
modulation and a filtering operation L6, accordJ-ng to
any appropniatei technique, and is then transni-tted
through the transmission mediun 17.

This transmission medium L7 is generally noise-
infested, and shows interference between the slnnbols
transmitted in it.

It must be noted. that, according to the invention,
the two sources of disturbance namely noise and inter-
slmbo} interference (IES) are considered in a
dissociated, manner. fn other words, the synbols
affected, by IES are .in addition noise-infested. The
IES is chiefly due to distortion introduced by the
filtering elements of the transmission system and the
presence of multipte paths induced by the physical
medium of transmi.ssion (due to reflections and
obstacles, etc. ). lhese phenomena lead to disturbances

-between syrnbols. The noise induced by the physical
medium get,s added toi this IES phenomenon and is likely
in addit,ion to rnodify the items of information borne by
the synbols.

\ .,'
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Flgure 2 illustrates this approach in the
simplified case of interference relati-ng to two
syrnbols.

The reference An is given to the synbol tranbmitted
the speed of modulationaL the instant nt, where t/! is

(T being the duration of the
signal Sn can be written,
transmission channel:

syrnbof). The received
after passage in the

Sn = XlhlAtt-11
This signal comprises a term dependent on the

synbol An, namely hgAn, but also a term dependent on
the slnnbols transmitted prior to and subsequently to
An. ,This second term is the inter-symbol interference
term. It can be written in the form XkrOrhkAn_k. It
is due to the filterlng introduced by the channel and
rnay be modelled. by a lattice wiLh N = Ztr states, for an
IES modelled. by a discrete equivalent channel with a
menory u (two in the case of Figures Z and 3).

In the case of Figure Z, interference relating to
two symbols (An-l and Arr."1) is considered. The effect
of the channel may then be represented by two delay
cells 211 and ZLZ, each with a d.uration T.

When the s1'rnboI An+1 is presented at input of the
cell 2L1t the output of this cell Ztt is An and the
output of the second cel_l ZLZ is Arr_1. The filtering
of the channel amounts to the rnultiplying (ZZt to ZZ3)
of eaeh of these slanbols by the corresponding filtering
coefficient hi. The corresponding terms are then add.ed
r.rp (23) to form the signal Sn.

The architecture of Figure Z corresponds to a
convolutive encoding r*ith u = Z, the decoding lattice
of which is illustrated in Figure 3. Conventj_onally,

'this Lattice illustrates the possible transitions'as a
f,unction of the two preceding values depending on
whether the value of An+1 is 1 (solid lines) or 0

(dashes ) .
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Returning to Figure L, the
is subjected to a filtering
which are synnetrical to the
the mod,ule L6.

Then, conventlonally_, the signal is equalized (19)
by the application of a filtering operation d,esigned. to
compensate for t,he effects of the transmission medium
L7. The equalized signal is then de-interleaved (110)
symmetrically to the interleaving operation L4.

Finally, the signal is transmitted to a convolutive
d.ecoder 111 which, for example, implements an operation
of mgximum likelihood decoding such as the Viterbi
algorithm to deliver d.ecoded items of data to the
addressee t2.

The essential characteristic of the invention is
the iterative association of a slnnbol detect,ion module
with weighted outputs and. a d.ecoding module, also with
weighted outputs. If we consider the effect of the
channel according to the approach presented, the
standard equal.izat,ion (the f iltering of the received
signal by means of a transversal filter, for exanple)
is replaced by an operation of synbol detection that
takes account of the memory effect j-ntroduced. by the
channel.

Thus, the proposed device includes a detector with
weighted, input and output that estirnates the syrnbols A1
from the noise-infested output of the channel. For
example, this d,etector may be made by using the
algorithm descrj.bed in the patent doeument FR 9L 05279.

30 It requires knowledge of the coefficient hk which
should therefore be estirnated externally to the

'.proposed d,evice, for exampld, by means of lea'rning
sequences.

Figure 4 illustrat,es the general principle of the
invention.

noise-infested signal Sn

and a demodulation 18,

operations performed by

iii
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Each reeeived sample
noj.se-infested. output, of
processed as follows:

a detector 4L of
prod.uces an estimation
transmitted slnnbol;

- the synbols Ar,1 at output of the d.etector 41
de-interLeaved (42') to give the symbols A1,1i

t,he de-interleaved. symbols Akrl are presented
the input of a convolutj.ve decoder 43 which gives a
estimation Ay ,Z of synbots A1;

L7

Rn, which corresponds to the
the transmj-ssion channel, is

symbols with weighted. outputs
Arrl of the corresponding

at output of the decoder 43, there is defined
a correct,ion d.ata element Zy called an extrinsic
'element, obtained from . the estimations Akrl and

the correction d,ata . element, Zg is then used,
a re-interleaving operatlon 45, in the detector

are

to
new

f"t
i, -i
f*i

*b.,
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(44')

data
15 O*, r,_

after
4]-.

More specifically, in the enbod,iment described, the
item of data 21 is obtained by differenie between Ak,z
and 12A1r1 deLlvered by the multiplier 46, where yZ is
a positS-ve coefficient, Zn is still an estimation of
the s1mbol An, but this time affected by a noise that
is not correlated with the noise that affects A.r1 and
is sJ.ight,ly coruelated wit,h the noise affecting Rn by
means of the j.nterleaving function 45.

fhe extrinsic informaLion Zn is then used by the
d.etector 4L by the addition or deduction, to or from
each arn metric of the lattice associated with the
channel (cf. Figure 3), of the term yllznl, where 11 is
a positive coefficlent. The term ylznl i" deducted
(or added respectively) when the s1'rnboJ. assigned to the
arm consid,ered has the sane sign as zn (or respecLively
the opposite sign). The value of the coefficient T1

d.epends on both the signal-to-noise ratio and the
reliability of the extrinsic information element Zn.

\ \ ''
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The extrinsic information element, assigned the
coefficient T1 for the multiplier 48, is furthermore
deducted, (47) from the output of the d,etector 41 before
being present,ed to the input of the decoder 43.
Indeed, since the extrinsic informatj.on element Zn has

been produced, by the decoder 43, it cannot be reused by
this d.ecoder 43.

The symbol d.etector 4L takes its d.ecisions
according to a Viterbi type algorithm. Atl the

l0 operations perforrned by this detector correspond to
those described in the patent FR 91 05279. The

diffeience, as compared with a convolutive decod.ing
al.gorithn, lies in the computation of the transition
metrics or branch metrics, qhich is done differently.

Each nod.e of the lattice is represented by a

possible state of the channel at a given instant nT.
For an IES value relating to K1 s1'mbols subsequent to
the sytnbol considered and KZ synbols prior to the
symbols considered, namely for:

Sn = Xk=K1 to
the state of the channel at t

hkAn-k
nT is given

(K1+K2)-uplet(An+r1-1. . .An+1AnAn-1. . .An-x2) .

by the
The

knowJ-edge of the state of the channel at t = nT as well
as the value of An1g1 (syrnbol ( entering ) the channel)
then provides knowledge of its state at t, = (n+l)T.

Thus, for each nod,e j of the lattice taken at the
instant t = nT, two transition metrics tjO and L51 are
computed. They correspond, to the two possible
transitj.ons (An+K1=0 and An..g1=1). They have the form:

L50 = (Rn - Rj0)2 and Ljl = (Rn - Rj1)2
where Rn represents the sample actually receivqd at
input, of the detector and RjO (gr Rjl respectively) j.s

t,he theoretical value of the sanrple that is not noise-
infested when the st,ate of the channel correspond.s to
the node j of the lat,tice and when An+K1=0 (or Atr.ui11=1

respectively). Rj0 (or n11 respectively) therefore has

\rd
\\
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the form: Xk=j1 to KZ hkAn-k. If An+K1=0, then the
value is R30 and if Anagl=1 then the value is Ril.

In pract,ice, the follo$ring simplified expression is
used. to compute the metrj.es:

tjo = Inr, - n3ol and. L3L = Inr, - Rjll
lhe performance characteristics of the d,etection

are then very close to those obtaj-ned, with the previous
expression and the implantation of the computation on
silicon is greatty simpJ.ified.

Apart from this computation of the metrics, the
computation algorithrn is similar in principle as well
as in its implementati.on to a convolutive d.ecoding
algorithm.

In practice, the receivdr shown in Figure 4 j-nduces

a computation latency (processing time of the detector
4L, the decoder'43, the interleaving operation 45 and
the de-lnterleaving operation 42). It is therefore not
possible to obtain instantaneous knowled.ge of Zn when
Rn is received in the d.etector 4L. Consequently,
according to an essential characteristic of the
invention, the process implemented is iterative.

This process is illustrated schernatically by Figure
5. For each s1mbol receS.ved Rr, (reception step 51), at
least, Lwo iterations 52 are performed.

Each iteration 52 includes a step 52L for the
correction of inter-symbol interference. As indicated.
here above, this correction implements a convolutj-ve
decoding technique and takes account of an item of
extrinsic correction information Zn and items of data
h1 representing the transmissj.on channeL.

The items of information Zn are computed durin!
step 524. Naturally, at the first iteration,
particular value of Zn is known. Consequently,
value is set at a neutral value, namely at a

having no effect on the computations.

the
no

this

'\{ ')
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value
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Af ter t,he correction 52L, the estimated slmbols are
de-interleaved d.uring the de-interleaving step 522 (if
an interleaving operation has been implemented at
transmission) and then decoded according to a standard
technique of convolutive decoding 523 and for example
according to the technique described in the French
patent application FR 91 AZS79

fhen, the item of.. extrinsic information Zy is
computed (524) from the item of data 525 detected by
the correction step 521- and. the item of data 526
decoded by the decoding st,ep 523. Then, the items of
j-nformation Zy are re-interleaved (527) symmetrically
with the de-interleaving 522 to give the item of
information Zn. The item of information Zn is taken
into account in the correction step 52L of the next
iteration.

At, the last lterati.on, the step 524 f or the
computat,ion of ZX lF noL implemented. The decoded
s1'rnbol D1 is d.elivered by the decoding step SZ3,

The corresponding recepti-on device may

advantageously be made in a modular fashion, by
associating one module with each iteration. Figure 6

illustrates a device of this kind comprising four
modules.

The first modul-e 6L of the system receives (R)n,
the slrrnbol received by the device and delivers firstJ-y
(R)n,2, which is equal to (R)n assigned a detay
correspond,ing to the latency of the module and,
secondly, (Z)n,2 the extrinsic Lnformat,ion computed by
the moduLe 61. Each of the following modules 62 Eo 64

receives the delayed. synbot (R)n,i and the item of

t5
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extrinsic information (Z)n, i.
delivers the decoded syrnbol (D)n.

It will easily be understood
characterist,ics of the device in

The laSt module 64

.T

that the performance
terms of error rate
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are a function of the number of cascade-connected
modules.

Advantageously, all the modules are identical.
Figure 7 illustrates an exemplary embodiment of a
module of this kind. More specifically, it is the
module corresponding to the pth iteration. It
includes:

- two inputs: (Rln and (z)p,

The input (n)p is equal to the output of the
channel delayed by the latency of p-l modules.

The input (Z)p comes from the prevj.ous module and
is set, for p = !, at a netitral value, namely a value
that has no influence on the output of the detector.

The output (R)p+1, equal to the input (n)p delayed
by the latency of a mod,ule, is unused if the iteration
is the last one of the process (p=p, p being the total
number of modules).

The output (Z)p+1 is the extrinsic information
element prepared at the pth iteration. This output is
also unused if p-p.

The output (D)p+f which is the decoded item of data
is unused by the p 1 first modules, and only the
itens. of data coming from (D)p+L are given to the
addressee.

The elements of this module that have already been
described with reference to Figure 4 are not described
again, and bear the same references. It will be noted
thatr ?s compared with the schemat,ic diagram of Figure
4, d,ifferent d.elays are add.ed to take account of the
latencies of the different elements.

Thus, the extrinsic information (z)p used fo'r the
difference 47 must be delayed (21) by a duration equal
to the latency L1 of the detector 41. This is also the
case with (a,)prl which must be delayed by the latency
L2 of the d.ecoder 43. Finally, (R)p must be delayed

l')-
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(73) by the total latency introduced by a module L1 in
order that (R)p+l and (Z)p+l may be presented at the
same instant to the input of the following module.
This latency Lg is equal to the sum of the latency of
the det,ector 4L, LL, the latency of the decoder L2 and
the latency introduced by the interleaving operations
45 and d.e-interleaving operatj_ons 42 Lgp.

The performance characteristics of the d.evice of
the invention have been simulated and are illustrated
in Figure 8. The item of source data j-s encoded by a
recursive systematic convolutive code (CSR code) with a
constraint lengthK= 5 andefficiencyR = t/2. The
encoded items of data are sent on the transmission
channeL after a non-unj.forrn interleaving in a natrix of
64 rows and 64 columns. The mod.ulat,ion used is a
binary phase-shift keying (BPSK) modulation.

The multiplier . coefficients hi are real and
constant and known to the symbol detector but the
principle is applicable when they aie complex and
variable. For the results presented, hereinafter, the
coeff ici.ents h1 have been f ixed at:
h0 = nf o.as, h1 = d o.zs, h2 = do.rs, h3 = nf o.ro, h4
= *ro'os

They verify Xi=O to 4 hi? = L. The transmission
25 channdl is also disturbed. by a Gaussian white

additional noise.
At output of the channel, the received samples Rn

are quantif ied on 8 bits. lhe sl.rnbol detector and the
channel decoder use the algorithm presented in the
patent FR 91 05279. The working of the deeod.er is also
represented. by a 16-state lattice. the values of
coef f icients y1 and y2 have been -deteprlined
emp5.rically.

The results shown use four modules. The curves C1

and C2 represent the error rate at output of the
transmission' system, respectively without and with

l5

f 'l:

a

,ri i

l,l ii

'i" i

n / t\r". 'i\'i
f1* !

28



23

channel encoding, when there is no inter-symbol
interference: c3 gives the error rate in the classic
case where the synbor detector gives a binary decision
(firm decision) and the curves Cai show the results
obtained with the proposed, d.evice after the i-order
iteration.

These curves therefore show that, dt an error rate
of 1O-5, the use of a symbol detector with weighted
output makes lt possible to gain 1.6 dB as compared

l0 with a firm d,eci-sion detector and, the three additional
iterat j-ons provide an ad.dltional gain of about 3 dg.
When the number of iterations increases, the
performance characteristics approach those obtained. on
an encoded Gaussian channe1..
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CLAIMS

reception of signals formed, by a

synbols corresponding to the
f items of source digital data
that it comprises p cascade-

ln

convolutj.ve encoding
characterized. in

connected. detection decoding modules (61 to 64) M1

than or equal to 2,to Mn, p being greater
each of said modules Mf including:

inter-s1'mbol interf rence correction means (4L, 47,
48) supplied by a s 1, input, Ri and delivering
estimated slmbols Aj.r1 w th weighted values,

means (43) for t decoding of said estimated
s1'mbo1s Airl performing rations symmetrlcal to said

delivering decoded slmbolsconvolutive encoding
l) A!,2 with weighted values and

means (44, 46) for t computation of an item of
from said. estimated. slmbol
AL ,2,
correction of each of said

first module M1, taking

correction information'21..
Airl and said. decoded s

said. means (41) for th
?o modules Mi, except for t

account of at, least one it of correction information
mod.ule Mi-t.Zi determined by the prev
laim L, characterized in
s two inputs, one s1'mbol

E Zt and three outputs,
one slnnbol output Ri+1, one rectj.on output Zi+L and
one decoded s1'rnbol output Di+t
the symbol input Ri of the modu Mi being connected to
the syrnbol . output Ri of the e Mi-1 for i greater

s1'mbols received forthan 1 and being supplied with t
i equal to L,
the correction input Zi
connected to the correction
1 for i greater than 1

neutral value that does not
equal to L,

module ' Mi .being

output Zi of the module Mi-

:i;:

ii li

2. Device according to
that ?ach of said moduJ.es Mi
input Ri and one correction j.

and bei
affect

g supplied with a

he correcti-on for i
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the symbol output RiIf of the module Mi being equal to
the spnbol input Ri [t said module Mi delayed by the
latency time dictated pV afr. module M1r

the correction output,\tt*t d,elivering said' correction
infomration, and \
the decoded, slmbol ou{nut Di+l being unused for the
mod.ules M1 to Mp-1 ana \neing supplied with the decoded

symbol Ap,z of the modu\e Mp if the code i.mplemented is
a systematic code ana, \it not, with a corresponding
reconstj.tuted, value. \t0

8, -t
niii

:i ii
jr si

3. Device according to any of the claims 1 and' 2,

characterized in that saj-d means (41) for the
correctj-on of the inter-syrnbol interf erence are
supplied with an itern of. correction information Zi

l5 representing a difference (44) between each decoded'

syrnbol AL,Z and the. corresponding estimated slanbol

Airl
4. Device according to clain 3, characterized in

that said. means to compute the item of correction
informati.on comprise means (46) for the multiplication
of said estimation s1'mbols Ai,1 by a positive weighting
coefficient lZ delivering weighted syrnbols, and

subt,raction means (44) eomputing the difference between

each decoded slnnbol A!,2 and the corresponding weighted
s1'rnboJ. and d.elivering said item of correction
information 21.

5. Device according to any of the claims 1 to 4,

characterized in that, said means (41-, 47, 48) for the
correction' of inter-syrnbol lnterference perform the
following operat,ions :

the computation (41) of a correction value. Vi. =
ll

Itli.il, where y1 is a positive coefficj.ent and where | |

represents the absolute value operator;
for each arm of the lattj.ce correspond5.ng to said

convolutive code, the determining (41) of a detected
synbol Air0, comprising the following steps:

/ \ \ ,'j]Vr\. \
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if the syrnbol assigned to said branch has

the sane sign as said item of correction informatj-on
Z1-, the subtraction, from the metric associated with
said ann, of said correct,ion value Vii

if the synbol assigned to said al:ln has a
sign opposite that ctf said item of correction
information 21, the add,ition, to the metric associated
with said, arm, of said, correction value Vi;

l0 Airg, of the value TiZi.
6. Device according to claim 5, characterized in

that said. coefficient 11 depend.s on at least one of the
items'of information belongipg to the group comprising:

- the signal-to-noise ratio;
the number i of the module consi-d,ered.

7 . Device accord.ing t,o any of the claims 1 to 6,
applied to the. recetrltion of s1'mbols subjected to an

interleaving operation at transmj.ssion, characterized
in that it comprises:

de-interleaving means (42) providing for the
symmetrical operati-on of sai.d interleaving, inserted
between said correction means and said decoding means;

and.

interl-eaving means ( 45 ) providing for an

interleaving of said items of correction informatj-on
that is identical to said, interleaving at transmission.

8. Detection and. d.ecoding nodule designed to be

implernented in a d.evj.ce for the reception of signals
formed by a series of digital s1'mbols corresponding to
the convolirtive encoding of items of source digital
data, said device comprising at least two cascade-
connected mod,ules,

characterized, in t,hat, it has two inputs, one symbol

input Ri and one correction input, Zi, and three
outputs, one s1mbo1 output, Ri+l_, one correction output
Zi+L and one.decoded s1'rnbo1 output Di+1,

i'\
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and in that it comprises:
means (41-, 47, 48) for the correction of inter-

synbol interference, supplied by said. syrnbol input R1

end taking account of said correction input Zi and

delivering estimated. slnnbols Airl I

means (43) for the decoding of said. estimated
synbols Air1, performing operations symmetrical to said
convolutive encodS.ng and delivering decoded slnnbols
Ai.,z, and

means (44, 46) for the computation of an item of
correct,ion information Zi+t from said estimated symbol
Ai,1 and said decoded slmbol AL,Z,
the slmbol output Ri+1.being equal to the s1'rnbol input
Ri delayed by a predefined J.atency time,
the correction output ZL+L delivering said correction
information, and
the d.ecoded slnnbol output Di+1 being supplied with said
decoded sytnbol AL,Z or wlth a value reconstj.tuted as a
function of t,he code Iemented,.

ception of signals formed bya
the

data
ls corresponding to

convolutive encoding of
comprising the following

tems of source digital

25

supplying (51) with
the correction (521)

ived. slmbols
inter-syrnboJ.
d synbols, by

Ri;
i.nterf erence
means of an

delivery of
affecting each of said recei
item of correction informat
est,imated slnnbols 41, 1i

the d.ecoding (523) of sa
ent,ailing operations symmetri
encoding, and the delivery of

- it,he computation (524) of

symbols Air1. and at least one of
A! ,.2'

Zi, and the

estimated syrnbols Ai r l
1 to said convolutive
oded symbols At,);
id itetns of correction

said decoded slnnbols
information Zi from at least of said estimated

I

'l 
t-r(
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DEVICE TOR THE ON OF DIGIIAI, SIGNALS WITH

ITERATIVE STRUCTURE. CORRESPONDING MODULE A}ID

lhe invention relates to a device for the recePtion
of signals formed ries of digltal sYnbols

corresponding to t Iu*ive encoding of items of
sing p q -connected

to Mp, P being

10 greater than or
each of s,aid.

inter-synbol correctj-on means (4t, 47 ,

input Ri and delivering

source digital
detect,ion and d

48) supplied by
estimated slmbols
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fth ighted values,
means (43) for the de g of said estimated

slmbols Air1, performing opera ions synmetrical to said
convolutive encoding and deI
A!,2 with weighted values, and

vering decoded s1'mboIs

means (44, 46) for the tation of an item of
said estimated sYnbol20 correction information ZL+L from

Airl and said decoded sytnbol Ai,z
said means for the correction of ch of said modules

taking account ofMi, except for the first module M1

at, least one item of correction in
determined by the previous moduL,e
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A devicc for recciving signds consist'
ing of a serics of digital symbols corrcspond'

ing to thc convolutiond coding of sourccdig'
ital data, including p cascadcd scnsing and dc'
coding modulcs M1'Mp where p is at least 2.

Each of said modulss Mi includcs: intcrsym'
bol interfercncc conection means (41, r9' 48)

supplied via a symbol input R1 and oupuning
weighted-value cstimarcd symbols At.t; means

(a3) for decoding the estimated symbols A;1
by pcrforming operations symmeuical to said

convolutional coding and oupuning wcighrcd-

valuc decoded signals Au; urd means (44'
.45) for calculating conection information Z+t
from said cstimatcd symbol Ai,r and said dc'
codcd signal Ap. Said means for corrccdng

each of said modulcs Mi, except for the fint
modulc M1, takes into account at least one

itcm of concction information Zi detcrmined

by the prcceding module Mi-1.
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Dcmandc lntcmaoon3lc \o

PCT/FR s6/001s7

C.(surtc) D O Cl,J M E .r..TS CO r..S I D E RES CO M M E P ERTh- E NTS

Catigonc' ldcnufication des docurncnB citas, avcq lc cas tcheant, l'indiceton dcs passagcs peftncntl no. dcs rcvcndrcaoons vlsaes

A

A

A

ICC '93 GENEVA. IEEE INTERNATIONAL
CONFERENCE ON COMI'4UNICATIONS '93.
TECHNICAL PR0GRAM, CoNFERENCE RECoRD (CAT.
N0.93CH3261-5), pRoCEEDINGS 0F ICC '93 -
IEEE INTERNATIONAL CONFERENCE ON

COMMUNICATIONS, GENEVA, Sl^lITZERLANO, 23-26
MAy 1993, ISBN 0-7803-0950-2, 1993, NEl,l

YORK, NY, USA, IEEE, USA,
pages 1064-i070 v0.|.237, XP000371240
BERR0U C ET AL: "Near Shannon l'imit
error-correctjng cod'ing and decoding:
Turbo-codes.1n
c'it€ dans la demande
voir fjgures 38,4A,48

ELECTRONICS AND CONIqUI'IiCNTIONS IN JAPAN,
PART 1 (C01'1MUNICATIoNS), APRIL 1994, USA,
vo1.77, n0.4, ISSN 8756-.6621,
pages 103-110, XP000445333
MURATA H ET AL: "Performance of adaptive
equalizer using iterative application of
Viterbi algorithm"
voin page 103, colonne de droite, alin€a 5
- page 1.05, colonne de gauche, alin€a 2;
fi gure

PHILIPS JOURNAL OF RESEARCH, 1987,
NETHERLANDS,
vo1. 42, no. 4, ISSN 0165-5817,
pages 399-428, XP000565157
BERGMANS J l.l M ET AL: "0n the use of
decision feedback for simplifying the
Vi terbi detector"
voir page 401, alin€a 2
voir page 406, alin€a t
2; figures 3,4
vojr page 411, alin€a 3
voir page 426, alin€a 5
2

- page 409, alinEa

- page 427, alin6a

1-9

l-9

1-9

Fomut.iG PCTr'lSAj2l0 (tcitt d. l. drsriim f.sill.) (iuiUrt t992)

E

--^- a J- 1
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C.(suit ) DOCUI{ENTS CO\..SIDERES CON,l[,tE PERTIN-ENTS

CaGgorie' ldenulicaoon dcs docurnents cltts, avcg lc cas acheanq l'lndlcation des pa$agcs pertinenlr no. dcs rcvendrcauons nsaas

A

A

A

A

IIEE IN HOUSTON. GLOBECOM '93. IEEE GLOBAL

TELECOMMUNICATIONS CONFERENCE, INCLUDING A
COMMUNICATIONS THEORY 14INI -CONFERENCE.
TECHNICAL PRoGRAM CoNFERENCE RECoRD (CAT.
N0.93CH3250-8), PR0CEEDINGS 0F GLoBECoM

'93. IEEE GLOBAL TELECOMMUNICATIONS
coNFERE, iSBN 0-7803-0917-0, 1993, NEW

Y0RK, NY, USA, IEEE, USA,
pages 98-102 vol.1, XP000428037
JIANJUN WU ET AL: "A channel model and a
novel adaptive equalizer for mobile radio
cormuni cati ons "
voir abr€gd
voir page 98, colonne de gauche, alin€a 3
- colonne de dro'ite, alin€a 1

voir page 100, colonne de droite, ligne 1

- page L01, colonne de gauche, ligne 18;
figure 2

w0,A,91 06165 (l40T0R;il INC.) 2 Mai 1991
vo'ir abr€g6
voir page 3, ligne 18 - ligne 28;
revendications; fi gull-

VEHICULAR TECHNOLOGY SOCIETY 42ND VTS
CONFERENCE. .FRONTIERS OF TECHNOLOGY. FROM

PIoNEERS T0 THE 21ST CENTURY (CAT.
N0.92CH3159-1), DENVER, C0, USA, 10-13 l,|AY
L99?, ISBN 0-7803-0673-2, L99?, NEl,l YoRK,
NY, USA, IEEE, USA,
pages 577-585 vol.2, XP000339855
JUNG P ET AL: "VLSI implenentatjon of
soft output Viterbi equalizers for mobile
radio applications"
c'it6 dans la demande
voir page 578, colonne de gauche, alin€a 3

voir page 577, co'lonne de droite, al'in6a 2

Ep,A,0 szl ss7 (ALcA;;i MDT0TELEPH0NE) 27
Janvier 1993
voir abr€g€
voir page 6, ligne 8 - page 7, ligne 19

t-9

1-9

1-9

i-9

Fomuldrc PCT,'ISA2I0 (ruiu dc t. rtcuriimc fcuill.) {iuilht tg92)

n:no ? do ?
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Rcnscrgnenrcrrts r€laofs aux hcmbrcs dc f3mutlcs de brcvc$

Dcmandc lnt€rnaoonalc \o

PCT/FR 96/00197

Document brevet cit6
eu rapport de recherche

Date de
publication

N,lembre(s) de ta
famille de breve(s)

Date de
publicarion

EP-A-5 1 I 141 ?8-ts-92 FR-A-
US-A-

267597L
54467 47

30 - 10 -92
29 -08-95

t^to-A-9106165 02 -05-9 1 US.A-
AU-8.
AU.B-
cA-A, C

CN.A.
EP.A-
J P.T-
TR.A.
US.A.

5271442
637 166

6729499
2066270
1050958
0495006
5504872

26458
5 144644

14-12-93
20-05 -93
16-05 -9 1
14-04-9 1

24-04-91
22-07 -92
22-07 -93
15 -03 -95
0 1 -09 -92

EP-A-524597 27 -01-93 FR-A-
AU.B-
AU.B-
CA.A-
J P-A-
NZ-A.
US-A-

267972L
65t472

195?392
2074277
5 199 143

243590
533 1662

29 -01 -93
2L-s7 -94
28-0 1 -93
23 -01 -93
06-08-93
28-08-95
19 -07 -94

FomulriE PCT,.ISA210 (Doct f.mill6 d. bFvcs) 0uillct 19'2)
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$AT\i.SLATION
PATENT COOPERATION TREATY

PCT
INTERNATIONAL PRELIMINARY EXAMINATION

(PCT Article 36 and Rule 70)

REPORT /
L-l

See Notifrcation of Transmittal of lnternational
F'OR F'URTHER ACTION

Preliminary Examrnation Report (Form PCT/IPEA/4 I 6 )

Applicant's or agent's file ref'erence

3324.WO
Priority date (daY/month/Year)

07/02/L995
International hling date (day/month /year)

06/ 02/ Le96
International application No.

PCT/FR 96/OOI97

Int"m"ti"n"l P"t rt Ct.*ification (IPC) ornational classification and IPC

H04L25/ 03

Applicant

FRANCE TELECOII

l. This intemational preliminary examination report has been prepared by this International Preliminary Examining

Authority and is transmitted to the applicant according to Article 36'

2. This REPORT consists of a total of S sheets, including thi's cover sheet'

This report is also accompanierl by AI'INEXES, i.e., sheets of the description, claims ancVor drawings .which 
have

been amended and are the basis for this'report and/or sheets containing rectifications made before this Authonty

(see Rule 70.16 and Section 607 of the Adminishative Instructions under the PCT).

These annexes consist ofa total of sheets.

3. This report contains indications relating to tlie following itans:

I E BasisoftherePort

n n Priority

m n Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

IV tr Lack of unitY of the invention

V t;:I Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability:

l3 cibtions and explanations supporting such statement

VI n Certain documents cited

Vtr tr Certain defects in the international application

VIII tr Certain observations on the international application

Date of submission of the demand

09/08/L996

Date of completion of this rePort

13/LL/L996

Name and mailing address of the IPEA/EP

Facsimile No.

Authorized offtcer

Telephone No.

Form PCT/trEA/4O9 (cover sheet) (Jantrarv 1 994)
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Nos.

Foro PCT/lPEda09 (Box l) (Ianuary 1994)

53



TNTERNATIONAL PRELIMINARY EXA]VIINATION REPORT

V. Reasoned statement under Article 35(2) with ,.guiO to novelty, inventive step or industrial applicability;

citations and erplanations supporting such statement

lnternational application No.

PCT/FR 96/OOT9'7

I_Y

l. Statement

Novelty (i{)

'lnventive step (IS)

Industrial applicability (IA)

Claims

ulafins

Claims

Claims

Claims

Claims

L-9

YES

NO

YES

NO

YES

NO

1-9

2. Citations and explanations

1) . The subject matter of claim 1 concerns a device for
receiving signals consisting of a series of digital
symbols corresponding to the convolutional coding of
source digital data
The invention is characterised in that it proposes a

new approach to intersymbol interference correction.
The prior art in this field is based on an

equalisation taking into account only the channel

estimation and not that of the transmitted data.

The invention is characterised in that the effect of
the interferences is assimilated to a particular
convolutional coding, and uses corresponding
decoding techniques. The corresponding state of the

art is correctlv cited in EP-A-511 141.

The features of claim l- are neither known nor

derivabl-e from the cited documents. The claim meets

the requirements of PCT Article 33(2) and (3).

2) . Claim B corresponds to a subdevice of claim l- and

also meets the requirements of PCT Article 33 (2) and

/?\
\J t .
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INTERNATIONAL PRf LIMINARY EXAMINATION REPORT

Intemationai application No.

PCT/FR 96/00L97

Claim 9 is
1 amd meets

and (3).

the process claim
the reguirements

corresponding to claim
of PCT Articl-e 33 (2)

d\ Claims
device
of PCT

2to7
of the
Article

correspond to
claim and also
33(2) and (3)

embodiments of the
meet the requirements
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INTERNATIONAL PRELIMINARY EXAMINATION RIPORT
International application Ni,

PCT/FR 96/00197

VIL Certain defects in the international application

The lbllori"ing defects in the form or contents ofthe international application have been noted:

The patent documents cited in the Cescription should have

been cited according to their publication nurober and not

according to their application number.
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TRAITE DI L.OOPERATION EN MATIERE T,o BREVETS

PCT mEc=;l;;;*-^
f-*--.. t 4 ftl0V rssO

RAppoRT DTXAMEN eRELTMTNATRE rvrrnfi *.rprynr
(article 36 et rdgle 70 du PCT)

l. Le pr€sent rapport d'examen prEliminaire international, €tabli par l'administration charg€e de l'examen pr€liminaire
international, est transmis au d6posant conform€ment i l'article 36.

Ce RAPPORT comprend ,{ feuitles, y comprise la pr€sente feuille de couverlure.

f-l ff est nccompagn€ dANNEXES, Cest-i-dire de feuilles de la description, des revendications ou des.d€ssins qui ont

- 6t€ modifi€ss et qui serwnt de base au prisent rapport ou de feuilles contenant des rectifications faites auprds de
l'administration chargee de l'examen priliminaire international (voir la r€gle ?0.16 et l'instruction 607 des
Instructions administratives du PCT). .

Ces annexes comprenhent 

- 

feuilles. '

Le pr6sent rapport contient des indications et les pages correspondantes relatires aux points suivants:

I E Bas:e du rapporr

II n Priorit6

III l-l Absence de formulation d'opinion quant i ta nourcaut€, l'activit6 inventive et la possibilit6 d'application

- industrielle

tV n Absencs d'unit€ de l'invention

V lX D€claration moiiv€r selon l'article 35(2) quant i la nouveaut6, l'activit6 invenlive et la possibilit6

- d'application industrielle; citations et explications i l'appui de cette d6claration

VI ! Certains documents cit6s

VtI E| Iregularites dans la demande internationale

VIII I Observations relatives i ta demande internationale

I

R6f6rence du dossier du d€posant ou
du mandataire

3324.WO
POUR SUTTE A DONNER

Voir la notification de transmission du rapport d'examen
pr6liminaire international (formulaire PCT/IPEA/41 6)

Demande internationale n'

PCT/FR 96/ 00L97

Date du d6p6t inrernarional
Qourlmoislannde)
06/02/ Lee6

Date de priorite ( jour i mois I annie )

07 /02/ Legs
Classif,rcation internationale des brevets (CI8) ou classification nationate et CIB

H04L25/03
LtePosant

FRANCE IEI.EC0M et al.

prisentation de ln demande d'examen
international

oe /oE/ Lee6

N9m et adresse postale de l'administration chargee de l'examen
priliminaire interlational

Fonctionnaire autoris€

P. Le Bras
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RAPPORT D ' EXAUEN PRELII.TINAIRE INTERilATIONAL

Denande internationale n'

PCT,/FRg6 /OOL97

I. Base du rapprt

t. te pr6sent rapprt a 6t6 r6dig6 sur Ia base des 6l6uents ci-aprbs (Les feuilles de renplacenent gui ont 6td

renises i l,office r6cepteur en r6ponse I une invitation faite conforn6uent i I'article 14 sont consid6r6es

dans le pr6sent rapport conne tinitialenent d6pos6esi et ne sont pas jointes en annexe au rapport puisgu'elles

ne contiennent pas de nodifications.):

[x] de Ia denande internationa]e telle qu'initia]euent ddposde.

[ ] de la description, pages

pages

[ ] des revendications,

[ ] des dessins, feuilles/fig

feuilles/fig

feuilles/fig

feuilles/fig

2. les nodifications ont entrain6 I'annulation

[ ] de Ia description, pages

telles gu'initialenent ddpos6es,

d6posdes avec Ia denande d'exauen

pr6liuinaire international,

ddposdes sous couvert d'une lettre

du 

-,

d6ps6es sous couvert d'ttne lettre

du,

telles gu'initialeuent d6Pos6es,

, telles que nodifides en vertu de

I'article 19,

ddpos6es avec Ia denande d'exanen

prdlininaire international,

d6pos6es sous couvert d'une lettre

&r 

-,

ddposdes sous couvert d'une lettre

dr 

-,
telles gu'initialenent d6Pos6es,

ddpos6es avec Ia denande d'exanen

prdliuinaire international,

, ddpos6es sous couvert d'une lettre

du-r
.t

d6psdes sous couvert d'une lettre

fil 

-,

Fornulaire PCT/iPEA/409 (feuille 1) (janvier 1994)
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RAPPORT D, EXAI{EN PRELIilTNAIRE TNTERNATIONAL

Denande internationale n

PCT/FRg6 /OOt97

[ ] des revendications, nos.

[ ] des dessins, feuilles/fig.

3' t I [e pr6sent rapport a 6td foruul6 abstraction faite (de certaines) des nodifications, gui ont 6t6 consid6r6es
coune allant au-de1i de 1'expos6 de f invention tel qu,il a 6t6 d6pos6 (rgg1e 70.2.c)).

4. 0bservations conpl6nentaires, le cas 6ch6ant:

I'ornulaire pCT/IpEt/{0g (feuille Z) (janvier tgg4)
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RAPPORT D'EXAI{EN PRELII,TINAIRE IITTERI{ATIONAL

Denande internationale n-

PCT/FRe5 /Oors7

V. Ddclaration rotiv6e selon l'article 35.2)

d'application industrielle; citations et

l'activitd inventive et la possibilit6

de cette d6claration

quant I la nouveaut6,

erplications i I'appui

1. DECI,ARATIOII

llouveaut6 1:9

Activitd inventive

Revendications

Revendications

Revendications

Revendications

Possibilit6 d'application industrielle Revendications

Revendications

L-9

OUI

iloll

0!r

il01{

0uI

lr0ll

t-9

2. CITATIOIIS ET E)(PIICTTIOIIS

L) L'objet de la,revendication L concerne un dispositif de

rdception de signaux form6s d'une s6rie de symboles
nun6riques correspondant au codage convolutif de donndes

num6riques source.
Ltinvention est remarqueble en ce qu'elIe propose un

approche nouvelle de la correction de ltinterfdrence
-. intersymbole. L'6tat de Ia technique en Ia rnatibre est

basQ sur une dgalisation tenat cornpte seulement de

Itestimation du canal et non pas des donn6es transmises.

L'invention est remarquable en ce 1'effet des

interf€rences est assiurild i un codage convolutif
particull€r, et utitise des techniques de d6codage

correspondantes. Lt6tat de la technique correspondant
est correctement cit6 dans Ia description:
EP-A-o 511 LAL. '

Les caiact6ristiques de Ia revendication 1 ne sont ni
connues ni ddrivables des documents cit6s. La

revendication rdpond aux exigences de I'article 33 (2)

Fornulaire KT/IPEA/409 (feuille 3) (janvier 199{)
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et (3) PcT.

2). La revendicat,ion 8 correpond i un sous dispositif de la
revendication 1 et r6pond aussi aux exigneces de

I'Art,icle 33 (2) et (3) PcT.

3). La revendication 9 est Ia revendication de proc€d6
correpondante i Ia revendication L et r6pond aux

exigences de'l'Article 33 (2) et (3) PCT.

4). Les revendications 2 a 7 correspondent i des modes de

rdalisation du dispoSitif de la revendication et
r6pondent aussi aux exigences de I'Article 33 (2) et (3)
PCT.

Fornulaire PCT/IPEA/409 (feuilie 4) (janvier 1994)
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VII. Irregdaritds dans la derande internationale

Les irre$laritds suivantes, concernant la forne ou Ie contenu de la denande internationale, ont 6t6 constat6es:

Les documents de

l'6tre par leur
de demande.

brevet, cit6s- dans la
num6ro de Publication

description
et non Par

auraient du

Ieur num6ro

Foruulaire KT/IPEA/{O9 (feuille 5) (janviei 1994)
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R6lErence du dossier du d€posant ou du mandataire
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Demande inGrnadonale n.
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Date du d6p6t intcrnational (Jowlmolstannie
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Datc dc Prioritl (Jour lmolslanndc )
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FRAIIICE lELfC0M et al;
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o-examcn priliminaire international pour Ie demrniie internationale e! tc lui transmct ci-joint, accompagn6, lc cas
6ch€ant, di ces annexes.

Y^T_!9pi. dy Pr6stnt ?pPoI! et, le cas 6ch€ant, de ses urnexes, est transmise au Bureau inrernational pour
communication i tous les oflices 6lus.

iifl:y_Ft :fft* 6lu l'exige, le Bureau international 6tablira une traduction en tangue anglaise du rapport (ir
[excrusion des annexes de celui+i) et la transmettra aux oflices int6ress€s.

RAPPEL
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i. Base du rapport

1. Le prdsent rapport a 6t6 r6digd sur Ia base des 6l6nents ci-apr0s ([es feuilles de renplacenent qui ont 6t6

renises i l'office rdcepteur en r6ponse i une invitation faite conforndnent i l,article i4 sont consid6r6es

dans le prdsent rapport coune rinitialeuent d6pos6esi et ne sont pas jointes en annexe au rapport puisgu,elles

ne contiennent pas de nodifications.):

Ix] de la denande internationale telle qurinitialenent ddpos6e.

I I de Ia description, pages

pages

[ ]des revendications, nos.

nos.

[ ] des dessins, feuilles/fig

feuilles/fig

feuilles/fig

feuilles/fig

2. Les nodifications ont entraind lrannulation

[ ] de la description, pages

telles gu'initialenent d6pos6es,

ddpsdes avec la denande d,exanen

pr€Iiuinaire international,

d6pos6es sous couvert,d,une lettre

du,
ddposdes sous couvert d,une lettre

dU,

telles gu'initialenent d€posdes,

telles gue nodifides en vertu de

i'article 19,

ddpos6es avec la denande d,exanen

pr6lininaire international,

d6posdes sous couvert d'une lettre

dr 

-,

ddposdes sous couvert d,une lettre

du-

telles gu'initialenent d6pos6es,

ddposdes avec la denande d,exanen

prdlininaire international,

ddposdes sous couvert d'une lettre

du 

-,

ddpos€es sous couvert d'une lettre

dul

foruulaire PeITipEr/4Og (feuiile l) (jarvier 199t)
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[ ] des revendications, nos.

[ ] des dessins, feuillesifig.

3. t I Le pr6sent rapport a 6t6 fornul€ abstraction faite (de certaines) des nodifications, qui ont dt6 considdr6es

conne allant au-dell de l'expos6 de I'invention tel qu'il a 6t6 d6pos6 (rdgle 70.2.c)).

4. Observations conpldnentaires, le cas 6ch6ant:

Fornulaire PCT/IPEr/409 (feuille 2) (janvier 1994)
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V. Declaration notivde selon l'article 35.2)

d'application indrstrielle; citations et

l'activitd inventive et la possibiiit'6

de cette d6claration

quant i Ia nouveaut6,

explications i l'appui

1. DECLIRATION

Nouveaut6 t-9

Activit6 inventive

Possibilit6 d'application industrielle

Revendications

Revendications

Revendications

Revendications

Revendications

Revendications

l_-9

OUI

ltoN

nilt

N0l{

UUI

lr0l{

1-9

2. CITATIOIIS ET E)(PLICATIOIIS

r.) L'objet de' la revendicatj-on
r6ception de signaux forrn6s
nun€riques correspondant au

numdriques source.
L'invention est remarqueble en ce qu'eIle propose un

approche nouvelle de Ia correction de f interfdrence
intersyrnbole. L'6tat de la technique en Ia matiAre est
bas6 sur une €galisation tenat compte seulement de

1'estimation du canal et non pas des donndes transmises.

Ltinvention est remarquable en ce l'effet des
interfdrences est assinild d un codage convolutif
particulier, et utilise d.es techniques de d€codage

corredpondantes. L'6tat de Ia technique correspondant
est correctement cit6 dans Ia description:
EP-A-O 511 1.4L

Les caract6ristiques de la revendication l- ne sont ni
connues ni ddrivables des documents citds. La

revendication r€pond aux exigences de 1'article 33 (2)

L concerne un dispositif de

d'une s6rie de symboles
codage convolutif de donndes

Fornulaire PCI/IPEA/409 (feuille 3) (janvier 199{)
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et (3) PcT.

2).Larevendicat,ionScorreponddunsousdisposit'ifdela
revendication 1- et r6pond aussi aux exigneces de

l-'Article 33 (2) et (3) PcT'

3).Larevendicationgestlarevendicationdeproc€d€
correpondante d Ia'revendication L et r6pond aux

exigences de l'Article 33 (2) et (3) PcT'

4). Les revendications 2 i 7 correspondent b des modes de

r€alisation du dispositif de la revendication et

r6pondentaussiauxexigencesde},Artic1e33(2)et(3)
PCT.

fornulaire'Kl/IPn/409 (feuille {} (janvier 1994)
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VII. Irr6gularit6s dans Ia denande internationale

Les irr6glarit6s suivantes, concernant Ia forue ou le contenu de Ia denande internationale, ont 6t6 constat6es:

Les documents de brevet cit€s dans Ia description auraient du

1'6tre par leur numdro de publication et non par leur num6ro

de demande.

Fornulaire PCT/IPEA/4O9 (feuille 5) (janvier 1994)
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Dispositif de r6ception de signaux num6riques i structure it6rative,

module et proc6d6 correspondants.

Le domaine de I'invention._est celui de la transmission et de la diffusion de

signaux numdriques, en particulier en prdsence de bruits de transmission. Plus

prdcisdment, I'invention concerne la r€ception de signaux num6riques cod6s I !'aide d'un

code correcteur d'erreurs de type convolutif.

L'invention trouve des applications dans tous les cas oD un signal num6rique est

transmis ou diffusd sur des canaux bruitds. A titre d'exemple, la prdsente invention peut

6tre mise en oeuvre dans les rdcepteurs de systbmes de radio-communications nurn6riques

avec les mobiles, tels que le GSM (GroupeSp6cial Mobile).

D'autres applications po;sibles sont, Par exemple, la r6ception de signaux

transmis sur des canaux sous-marins, par faisceaux hertziens, par satellites... Plus

g6ndralement,'l'invention s'applique avantageusement dans tous les cas oir un code de

type convolutif est mis'en oeuvre I I'imission

Dans les rdcepteurs de':,tYPe connu, les symboles :rdcupdrds en sortie du

d6modulateur se pr6sentent sous tbrme d'dchantiiions anaiogiques qui, aprBs

quantification, sont g€ndralement traitds,par un 6galiseur (filtre transversal) charg6

d'iliminer I'interfdrence entre Symboles introduite par le canal. Les €chantillons dgalisds

sont ensuite d{sentrelacds, si ndcessaire, et ddcod€s avant d'etre fournis au destinataire.

, {r principe de l'€galisation consiste tr estimer la rdponse du canal de transmission

pour appliduer a,u signal regu un filtrage symdtrique i cette r6ponse, de fagon i obtenir un

signal corrig6. Notarnment, l'dgalisation a pour but de supprimer, ou tout au moins de

limiter I'interfdrence entre symboles inuoduite par le canal

L'estimation de la r6ponse du canal se fait gdndralement Par I'analyse d'un signal

de r6fdrence cohnu des rdcepteurs. Bien s0r, la transmission de ces signaux de rdf6rence

entraine une r€duction du d6bit utile.

Les 6ldmens de donndes 6galisds sont ensuite d6sentrelacds (opdration sym€trique

'i,l'entrelacement effectu6 au codage, si un tei entrelacement est Pr6vu), puis d6codds'

Dans certaines situations, l'6galisation de ce type s'avbre insuffisante pour assurer

un d6codage source de bonne qualit6.
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L'article "VLSI impiementation of soft output Viterbi equalizers for mobile radio

applications" (Proc. of IEEE 42nd Vehicular Technology Society Conference, Denver,

Colorado, pp. 577-585, May 1992)_de P. Jung et P. W. Baier propose d'utiliser, i la

place d'un filtre transverse, un ddtecteur de symboles fonctionnant suivant le principe du

maximum de vraisemblance.' -

Cette technique est plus pegformante, si les coefficients repr6sentatifS du canal

sont correctement estim6s. Toutefois, I nouveau, les donndes dgalis€es peuvent s'av6rer

de qualit6 insuffisante. Par ailleurs, elle est de rdalisation plus complexe et d'un

encombrement plus important que la technique i filtre transverse.

'Les 
codes convolutifs sont des codes associant i chaque donnde source i coder au

rnoins une donn€e cod6e, obtenue,par sommation modulo 2 de cette donn6e source avec

au moins une des donn6es source prdcddentes. Ainsi, chaque symbole cod6 est une

combinaison lindaire de la donnde'source i coder et des donn6es sources pr6c6dentes

prises en compte.

Dans le dicodeur, les donndes d'origine sont le plus spuvent reconstruites i I'aide

d'un algorithme i maximurn <ie vraisembiance, et par exemple I'algorithnre de Viterbi,

dont les ddcisions peuvent 6ventuellernent €tre pond6rdes. L'algorithme de Viterbi, en

prenant en compte une sdquence de symboles codds regus, fournit une estimation de

chaque donnde codde i I'dmission, en d6lerminant la s6quence source correspondant le

plus probablement i la sdquence regue.

L'algorithrne de Viterbi peut dgalement etre utilisd pour la d6tection de s6quences

affect6es d'interfdrences entre symboles. L'invention s'applique dgalement dans ce cas.

Clairement, la ddcision est d'autant plus fiable que le nombre de symboles pris en

compte est 6lev6. En revanche, plus ce nombre est 6levd, plus le d6codeur, ou le d6tecteur

(dans la suite, on utilise le terme !'d6codeud' pour ddcrire aussi bien les d6codeurs au sens

propre que les ddtecteurs. Il en est de m0me pour le terme l'ddcodage", QUi doit €tre

compris comme 'qddcodage" Ou t'ddtection", selon le cas), est -complexe. La place

.m6moire,n€cessaire devient rapidernent has importante, de m€me que les temps de calcul

correspondants. , 
,,., 

:

Les circuits int6gr6slmettant en oeuvre de tels algorithrnes reposent donc le plus30
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souvenr sur un compromis entre le co0t et les performances. Ces choix industriels ne

permettent pas toujours de construire des d6codeurs conespondant de fagon optimum i
une app,lication donn6e. Il n'est par exemple pas possible de rdaliser de d6codeurs ir faible

prix de revient, pour des applicatiohs'ot la qualit6 de rdception n'est pas cruqiale, les

circuits intdgr6s ayant un co0t trop 6lev€,,trnversement, ces circuits intdgrds ne sont pas

non plus adaptCs d la r6alisation de rdcepteurs i trds haute qualit6 de d6codage, pour

lesquels le prix de revient nla que peu d'importance.

. , : Un exemple de codrage convol"utif avantageux, auquel peut s'appliquer

I'invention, est ddcrit dansrla,de-mande de brevet frangaise FR 91 05280 au nom des

mOmes ddposants,:,ainsi que dans I'article'qde C. Berrou, A. Glavieux et P.

Thitimajshima; "Near Shannon limit enor-correcting coding and decoding : turbo-codes"

(codage et dicodage et d6codagie correcteurs d'erreurs i proximitd de la limite de

Shannon) (Proc. ICC'93, pp. 1064-1070, Genbve, Suisse, Mai 1993). Cette classe de

codes est notamment connue sous le nom de "turbo-codes".

Les codes 6limentaires (codes systdmatiques r6cursifs ou pseudo-systimatiques)

ddcrits dans ia demande de brevet frangaise FR 91 052?8 au nom cies mdmes ci6posants

peuvent dgalement €tre utilis€s.

L'invention a notamrnent pour but de pallier les inconvdnients des dispositifs de

rdception de l'art ant6rieur, et plus prdcisdment d'arn6liorer les performances

correspondantes.

?}qs pr6cis6ment, un objectif de I'invention est de fournir un tel dispositif

pr6sentant un trbs bon pouvoir de correction, en cornparaison avec les procdd6s connus

utilisds actuellement dans les systdmes de communications numdriques.

:L'invention,a notammgqt ,pour objectif de fournir de tels procdd6s,

particulidrement efficaces, toujours Par raPPort aux procddds connus, pour la

transmission dans des canaux trts bruit6s, : , '] :'

' L'invention a 6galement pour objectif de fournir un tel dispositif, qui soit trds

performant, mais malgrd tout aisdrnent r6alisable industriellement i des co0t3 acceptables.

Ainsi, un objectif particulier de-liinvention est de fournir un procddd de d6codage

permettantune implantation surune sur,face de silicium suffisamrnent restreinte pour que
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son industrialisation soit possible, et par exemple sur une surface infdrieure i 50 mm2.

L'invention a 6galement pour objectif de fournir un procdd6 de rdception

permettant la,rdalisation de nombreux types de rCcepteurs, tr performances et prix de

revient variables en fonction des besoins auxquels ils rdpondent, et mettant en oeuvre un

ou plusieurs circuits int6grds d'un type rinique.

En d'autres termes, un objectif essentiel de l'invention est de fournir de tels

proc6d6s permettant d'une part une industrialisation rentable, bas6e sur le ddveloppement

d'un circuit int6gr6 unique et,relativement simple, et d'autre part la rdalisation de

rdcepteurs'utilisables pour une trbs grande diversitd d' applications.

Ces objectifs, ainsi que'd'autres qui apparaitront par la suite, sont atteints selon

l'-invention l,l'aide d'un dispositif'de-rdception de signaux form6s d'une s6rie de

symboles numdriques correspondant ad codage convolutif de donndes num6riques

source, comprenant p modules de ddtection et de ddcodage M1 i Mo en cascade, p dtant

sup6rieur ou 6gal i 2,

chacun desdits modules M; comprenant :

des moyens de correction de I'interfdrence entre symboles, alimentds par une

entr6e de symbole R1 et ddlivrant des symboles estimds A;,1 i valeurs ponddrdes,

des moyens de d6codage desdits symboles estimds A;,1, effectuant des opdrations

symdtriques auditcodage convolutif et ddlivrant des symboles d6cod6s A;,2 i
valeurs pond6r6es, et

des moyens de calcul d'une information de corectionZi*t h partir dudit symbole

estimd Ai,1 et dudit symbole ddcod6 A;,2,

lesdits moyens de conection de chacun desdits modules Mi, i I'exception du premier

module M 1, tenant compte d'au moins une information de conection ft d6terminde par le

module pr€cddent Mi-t. ,' , '

Ainsi, selon l'invention, la fonction classique d'6galisation (filtrage) est remplac6e

par un d6tecteur de symboles, qui tient compte de l"effet de mdmoire intloduit par le

canal.

En d'autres termes, l:invention propose une approche tout h fait nouvelle et

optimisde de la correction de I'interf6rence entre symboles. En effet, classiquement,

77



5

l'6galisation ne tient pas compte des donn6es 6mises, mais seulernent de I'estimation du

canql.:En revanche, I'invention SlapPuie sur'une apprOche dynamique, en tenant comPte

des demiers symboles regus pour am6liorer lligalisation:

En d'autres tennes encg{e, I'invention assimile, dans son principe gdn6ral,l'effet

des interf6rences entre symboles i un codage convolutif particuiier (i i'exception de

ll,absence,de redondance, dans le cas de ltinterf€rence.: i un symbole 6mis sur le canal

cogespond,un symbole regu,€t un seul),,et en assure le d6codage. Plus prdcis6ment, le

phdnombne d'interfCrence entre symboles.introd,uit par le canal peut €tre reprdsentd Par un

treillis.'Ce treillis diffare d'un treillis de coflage convolutif par la prdsence de coefficients

multiplicatifs variant dans le temps. Ainsi, chaque module de I'invention comprend des

moy.ens de correction et des moyens de ddcodage pr6sentant des structures similaires I
base de techniques de dCcodage convolutif.

La technique de I'invention consiste donc i calculer une information de correction

reprdsentative du syrntole, f€gUi €t,l.,prendre en comPte une ou plusieurs de ces

informations, pour coniger I'interfdrence.

On comprend que la prise en cornpte de cette information impose une structure

itdrative de,r€ception du fait de la latence introduite par les traitements. Ainsi, lors de la

premidre itdration, on calcule u4e prernitsre information de correction, qui est utilisde et

dventuellement:recalculde,lqrs,des it6rations suivantes. Selon I'invention, cette approche

it6rative se:traduit par une structur,ation en rnodules,cascadds du rdcepteur (ddtecteur de

symboles et ddcodeur), chaque rnodule.correspondant i une it€ration. Il s'agit d'une

approche tout i fait nouvelle, en,ce,gui.concerne !a correction de I'interfdrence entre

symboles.

Avantageusement':ces rnodules,sont tous identiques. Ils peuvent notamment se

pr6senter sous.la forme de circuits intdgrCs.

. Plus le nornbre de modules est grand, plus l?efficacit6 de la.rdception (conection

de I'interfdrence entre symboles 9t ddCodage) augmente. L'approche modulaire de

I'invention permet de rCaliser ais€ment,plusieurs types de r6cepteurs, correspondant i
diffdrents niveaux de quatit6 de rdceptioh, en fonction du nombre de modules mis en

oeuvre. De m€me, il est possible de pr6voir des ddcodeurs 6v,olutifs, auxquels on Peut
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ajouter des modules en cas de besoin,

' Selon un mode de rdalisation pr6fdrentiel de I'invention, chacun desdits modules

M; prdsente deux entrdes, une entr6e.de,symbole R; et une entrde de correction Z;, et trois

sorties, une sortie de symbole R;.r1, uno sortie de correction Zi11 etune sortie de symbole

'ddcoddlDi*i,

I'entrde de symboie R; du module Mi €tant connectde i la sonie de symbole R; du module

M;-1, pour i supdrieur i 1, et 6tant aliment6 par les symboles regus pour i 6gal i l,
I'entr6e de conection Z; du moduleiM; 6tant connect6e i la sortie de correction Z; du

module M;-1, pour i supdrieur i l, et Ctant alimentd par une valeur neutre, n'influant par

sur la correction, pour i €gal i l,
la sortie de symbole R;11 du module M;'6tant Cgale i I' entrie de symbole R; dudit

rnodule M;retardde du ternps de latence impos6 par le module M;,

la sortie de conection4+t ddlivrant ladite:information de conection, et

la sortie de symbole d6cod6'Di11 itant inutilis€e pour les modules M t h Mp-r, et itant.

aliment6e par le symboie ddcod6 Ap,z du module M* si le code mis en oeuvre est un code

systdmatique, et par une valeur reconstituCe conespondante sinon.

Cette structure permet de'concevoir, comme indiqud plus haut, des modules

identiques. Bien s0r, suivant qu'il s'agit du premier module, du dernier module ou d'un

module interm6diaire, les entrdes et sorties utilisdes peuvent etre diffdrentes.

Avantageusement, lesdits moyens de correction de l"interfdrence entre symboles

sont alirnentds par une information de correction'Z; repr6sentative d'une diff6rence entre

chaque symbole d6cod6 A;,2 et le symbole estimd A;,1 colrespondant.

Dans ce cas, prCfirentiellement, lesdits moyens de calcul de I'information de

correction comprennent des moyens dc multiplication desdits symboles estimds A;,1 par

un coefficient ponddrateur positif y2, d6livrant des symboles ponddrds, et des moyens de

soustraction caliulant la diffdrence entre chaque symbole ddcodd A1,2 et le symbole

pond6r6 correspondant, et ddlivrant ladite information de correction Z.
Notamment,la valeur de ce coefficient est fix6e de telle fagon que I'information

portde p^I4 ne contienne plus d'information concernant Ai,1, afin que les bruits affectant

Z; et les €chantillons regus R; soient dicondl6s. Ainsi, I'information rdinjectde en entrde
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de l'6galiseur est "nouvelle" par rapPort aux {chantillons regus

processus de ddcodage). Elle sera dite:'information extrinsBqqe"'

Selon un mode de rdalisation avantageux, lesdits moyens

I'interf6rence entre symboles effectuent les opCrations suivantes :

(elle est issue du

de correction de

coefficient

convolutif,

les dtapes

calcu! dtune:valeur'ile,correction V; = 11lZ1l, oit 11 est un

positif et of l,t repr6sente,llop€rateur valeur absolue ;

pour chaq-ue branche du treillis corespondant audit code

ddtermination',d'un'symbole ddtectd Ai,s, corlprenant

si le symbole affectd l ladite branche est de mOrne signe que_ ladite

inforrnation de correction Zi, soustraction I la m6trique associ6e d

ladite branche de ladite valeur de conection V1 ;

si le symbole affect{ i ladite branche est de signe opposd i celui de

ladite information de colrection Z;, addition I la mdtrique associ6e

I ladite branche de ladite valeur de conection Vl ;

- - '-'caction audit symbole d€tectd A;,s de !4 
"'e!eur 

TiTi'- suusu

Cette derniire soustraction a,pour objet de "d6banasset'' la sortie du ddtecteur de

symboles, et donc a fortiori I'entr6e du d€codeur convolutif, de I'information port6e par

Zi.

, Ira ponddration'.des symboles, Crnis sur le s4n3l 4 pour but, classiquement, de

ieprdsenter,l'interfdrence entre symboles. Les coefficients de pondCration peuvent etre

fixes du,l prdfdrentiellemEnt, estim6s, par exgmple I I'aide d'une s6quence

d'apprentissage.

De fagon pr6f6rentielle, ledit coefficient 11 d€pend d'au moins une des

informations appartenant au groupe comprenant :

lerapportsignal hbruit,;,'
le numdro i du module consid6r€.

On comprend en effet que, plus y,,est grand, plus la sortie du d6co.deur est fiable'

..Lorsque les symboles sont soumis I un entrelacement I l'dmissioh, le d6codeur

comprend pr6f6rentiellement :
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des moyens de d€sentrelacernent assurant I'opdration sym6trique dudit

entrelacement, insdrds entre lesdits moyens de conection et lesdits moyens

de ddcodage ; et

des moyenS d'entrelacement assurant un entrelacement desdites

informations de correction identique audit entrelacement i I'imission.

L'entrelacement et le d6sentrelacement peuvent 6tre r6alis6s i I'aide de matrices.

Les incrlments de lecture o[ il6criture peuvent etre fixes ou, plus

avantageusement, peuvent d€pendre de I'adresse de lecture ou d'icriture.

L'invention concerne dgalement un module de ddtection et de ddcodage destin6 I
€tre mis en oeuvre dans un'dispositif dd r6ception de signaux formds d'une s6rie de

symboles num6riques correspondant au codage convolutif de donndes num6riques

seurce,ledit dispositif comprenant du moins deux modules en cascade,

module prdsentant deux entrCes, une entrde de symbole R; et une entr€e de correction Zi,

et trois sorties, une softie de syrnbole R;.,1, une sortie de correction Zial etune sortie de

symbole d6codd"Dl*1, r "

des moyens de correction de'l'interfdrence entre symboles, aliment€s par ladite

entrde de symbole Ri et tenant compte de ladite entrde de correctio nZi, et ddlivrant

des symboles estim€s A;,1,

des moyens de ddcodage desdits symboles estim6s A;,1, effectuant des opdrations

symdtriques audit codage convolutif et d6livrant des symboles d6cod6s A;,2, et

des moyens de calcul drune information de conectionZi+t I partir dudit symbole

estimd A;,1 et dudit symbole ddcod6 A;,2,

la sortie de symbole R;q1 6tant igale i I'entr6e de syrnbole R; retardde d'un temps de

latence prdddfini,

la sortie de correctio n4+tddlivrant ladite information de conection, et

la sortie de symbole d6cod6 D;11 €tant alirnent6e par ledit symbole d6cod6 A;,2, ou par

une valeur reconstitude en fonction du code mis en oeuvre. 
r

eomme indiqud prdc6demment, un tel module peut notamment se prdsenter sous

la forme d'un circuit intigr6.
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L'invention concerne ehqore un procidC de rdception de signaux formds d'une

sdrie de symboles num6riques correspondant au codage convolutif de donndes

num6riques source, comprenant les Ctapes suivantes :

alimentation par des symboles regus R; ;

correction de,l'interfdrence entre symbOles .affectant chacun desdits

symboles regus i partfu d'une infornation de correctionZi, et ddlivrant

des symboles estimds A;,1 ;

ddcodage desdits,symboles estimds A;,1, effectuant des opdrations

symdtriques audit codage convolutif et ddlivrant des symboles ddcod6s

calcul de ladite informatiOn de copectionZ; h, partir et d'au moins un

desdits symboles estimds A;,1 €t d'au moins un desdits symboles d6codds

D'autres cafacteristiques et avantages de I'invention apparaitront i la lecture de la

description suivante d'un mode de rdalisation pr6f6rentiel de I'invention donn6 i titre

iil'r.istratif et non limitatif, et des dessins annex€s, dans lesquels :

la figure I est un sch€ma synoptique illustrant une chaine de transmission

classique, pouyant.incorporer un dispositif de r6ception selon I'invention ;

la figure 2 reprdsente de fagon simplifide un modtle discret dquivalent en

bande de base d'un canal de transmission affectie d'une interf6rence entre

symboles, illustrant l'approche de I'invention ;

la figure 3 reprdser,rte le treillis co6espondant au canal de la figure 2 et

illustrant les dvolutions possibles de l'6tat du canal en fonction du temps ;

la figure 4 est un schdma synoPtique de principe du rdcepteur de

la figure 5 ,est un organigramme simplifi{ illustrant le procdd6 de
t

I'invention, mis en oeuvre dans le r6cepteur de la figure 4 ;

Ia figure 6 illustre la structure modulaire du rdcepteur de I'invention, dans

le cas de.quatre modules cascad6s ;

la figure 7 pr€sente un schdma synoPtique dlpn module de la figure 6 ;
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la figure 8 prdsente une sdrie de courbes illustrant les performances de

I'invention, dans le cas d'un canal gaussien.

L'invention s'applique, comme indiqud pr6c6demment, e tous les systdmes de

transmission num6rique mettant en oeuvre un codage correcteur d'erreur convolutif, tels

qu'iilustr6s en figure l.

Ce systEme comprend une source num6rique I I qui doit €tre transmise i un

destinataire 12.

Par source numdrique, on entend tout signal num6rique utile (son, image,

donndes) et, plus gdn6ralement tout ensemble de signaux utiles, par exemple multiplexds

en temps eVou en frdquence. Le destinataire l2 peut 6tre unique (cas de la transmission)

ou multiple (cas de la diffusion). De m0mb, la chaine de transmission peut bien sOr €tre

unidirectionnelle (radiodiffusion par exemple) ou bidirectionnelle (radiocommunication

par exemple).

Le signal source est tout d'abord soumis i un codage convolutif l3 de type connu.

en soi. Il peut ndtamment d'agir d'un codage convolutif systdmatique classique, associant

i chaque donnde source au moins une valeur d6terminde par combinaison de cette donnde

et d'au moins une des donndes source pr€cidentes.

Il peut Cgalement s'agir d'un code tels que ceux ddcrits dans la demande de brevet

FR 91 05278. Ces codes, dits "pseudo-systematiques", sont caractdrisds par le fait que la

-donn6e source est systdmatiquement transmise, conjointement i au moins une donn6e

cod6e, ou symbole de redondance. "

Tout autre code convolutif peut €galement Otre utilisd.

Les donndes d€livr6es par le codeur l3 sont ensuite avantageusement (bien qu'il

ne s'agisse pas d'une caractdristique obligatoire) soumis ir un entrelacement 14.

Cet entrelacement peut €tre obtenu, de fagon classique, i I'aide d'une matrice

d'entrelacemeit, dans laquelle les donn6es source sont introduites ligne par ligne, et

restitudes colonne par colonne.

Le module 14 assure un entrelacement matriciel: Les donndes sont dcrites, par

lignes successives, dans une mdmoire de taille nBxnE, et restitudes par colonnes

successives. Cette technique ett par exemple d6crite dans l'article "Optirnal interleaving
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scheme for convolutional'coding'1M€thode

convolutif), de Dunscombe E. et Piper F.C.,

no22, Ootobre 1989.

d'entrelacement optimal pour le codage

paru dans l"'Electronic Letters", Vol.25,

Ainsi que le montre cet article, I'efficacit6 de I'entrelacement, pour de petites

valeurs de ns (quelques dizaines) est am€liorie si la succession de lignes et de colonnes

s'effectue selon un incr6ment supdrieur h I et, par ndcessit6, premier oveC rg.

Une amflioration compl6mentaire i cette technique d'entrelacement Peut etre mise

en oeuvre. Il apparait en effet avantageux que I'incrdment du saut de ligne, toujours

premier oV€c ng, soit fonction de la place de la colonne consid6r6e. Cela permet de qasser

les paquets d'erreurs h disposition rectangulaire.

Dans ce cas, les incrdments de lecture cle la matrice d'entrelacement sont choisis

de telle sorte que la distance minirnale, en sortie, entre deux symboles voisins i I'entr6e

soit la plu'b graiide possible. Ces incr6rnents peuvent par exemple €tre ddterminCs de

fagon empirique.

D'autres teihniques d'entrelacement peuvent bien s0r €tre utilisdes, et notanrment

li habituel proc6dd i incrdments'd'6ciiture it de'lectuie 6gaux d I , sans sortir du cadre de

I'invention. Il est clairpar ailleurs que les r6les des lignes et des colonnes peuvent 0tre

lnverses.

Ensiiite, le signal entrelac€ est transmis au travers du canal de transmission 15. il

silbit donc une modulation'et'un filtrage'I6, selon toute technique ad6quate, puis est 6mis

au travers du milieu de transmission 17.

Ce milieu de transmission 17;est g6ndralement bruit6 et prdsente de I'interfdrence

entre les symboles dmis dans celui-ci.

il est i noter que, selon I'invention, les deux sources de perturbations que sont le

bruit et I'interfdrence entre symboles (IES) sont consid6r6es de fagons dissoci6es. En

d'autres termes, les symboles affectds d'IES sont de plus bruit€s. L'IES est

principalement due tr des distorsions intfoduites par les 6l6ments de filtrage de la chaine

de transmission et la prdsence de trajets multiples induits par le milieu ihysique de

transmission (due i des rdflexions sur des obstacles, etc...). Ces ph6nombnes entrainent

des perturbations entre les symboles. Ir bruit induit par le milieu physique vient s'ajouter
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i ce phdnombne d'IES et est susceptible de modifier de surcroit les informations portdes

par les symboles.

La figure 2 illustre cette approche dans le cas simplifi6 d'une interfdrence portant

sur deux symboles.

On gote An le symbole Cm\ i lrinstant nT, oD lff est la rapiditd de modulation (T

6tant la dur6e d'un symbole),,le signal regu Sn peut s'6crire, apr6s passage dans le canal

de transmission :

Sn = }hxAn-r
ce signal comporte un terme ddpendant du.symbole An, i savoir hsAr, mais

igalement un telme d6pendant des symboles dmis ant6rieurement et postdrieurement i An.

Ce second terme est le terme dlinterfdrence entre symboles. Il peut s'6crire sous la forme

)r*ohrAn-r. Il est d0 au filtrage introduit par le canal, et peut 6tre mod6lisd par un treillis

i N = 2v 6tats, Pour une IES moddlis6e par un canal discret dquivalent de mdmoire v (2

dans le cas des figures 2 et3). .

Dans le cas de la figure ,2, on considbre une interfdrence portant sur deux

symboles (A1-1 et An+r). L'effet du canal peut alors gtre repr€sentd. par deux ccllules i
retard 211 et 212, chacune d'une durde T.

Lorsqu'en entrde de la cellule 2l 1, est prdsent6 le symbole An11, la sortie de celle-

ci est An, et la sortie de la seconde cellule 212 est A1-1. Le filtrage du canal revient i
multiplier (22| t223) chacun de ces symboles par le coeffici-ent de filtrage comespondant

h;. Les termes correspondants sont ensuite additionnds (23) pour former le signal Sn.

Liarchitecture de la figure 2 conespond I un codage convolutif avec v = 2, dont le

treillis de ddcodage est illustrd en figure 3. Classiquement, ce treillis illustre les transitions

possibles en fonction des deux valeurs pr6c6dentes, selon que la valeur de Apal est I
(traits pleins) ou 0 (traits pointillds).

En revenant I Ia figure l; le signal Sn bruitd est soumis i un filtrage et une

d6modulation 18, symdtr.ique-s des op6rations aqsurdes par le module 16.

Ensuite',classiquement, le signal est dgalisi (19), par application'd'un filtrage
visant i compenser les effets du milieu de transmission 17. Le signal 6galis6 est alors

dCsentrelacd (110), symdtriquement i I'enuelacement 14.
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Enfin, le'signal est transmis i un ddcodeur convolutif 111, qui met par exemple

en oeuvrd un d6codage h maxinum de vraisemblance, tel que I'algorithme de Viterbi,

pour d6livrer des donn6es d6cod6es au destinataire 12.

La rcaractdristique essentielle de liinvention est I'association it6rative d'un module

dE,d6tection de symboles d Sorties pond6r€es etd:un'module de d6ccCage, €galement i

sorties ponddrdes. En considdrant I'effet du canal selon I'approche pr6sentde'

l'{galisation classique (filtrage du signal regu, i I'aide d'un filtre transversal, par

exemple) est remplacde par une ddtection de symbole tenant compte de I'effet de mdmoire

introduit par le canal.

Ainsi, le dispositif proposd inclut un d6tecteur tr entr6e et i sortie pond6r6es qui

estime les,symboles An d partir de la sortie bruit6edu.canal. Ce ddtecteur peut' ir titre

d,exemple, €tre rdalisd en utilisant I'algoiithme ddcrit dans le document de brevet FR

gI05279.Il ndcessite la connaissance des coefficients h1, qui devront donc €tre estim6s 
.

de rnanidre externe au' dispositif .prOpoS6, par exemple !r I'aide de sdquences

drapprentisSBg€. ': ' -:''r :'

La figure 4 illustre'le'principe gdndral de i'invention. :

Chaque 6chantillon Rn regu, qui correspond i la sortie bruitde du canal de

transmission est traitde comme suit :

un:d6tecteur 4l de sy-mboles i sorties ponddrdes produit une estimation

An,1 du symbole 6mis corresPondant ;

les symboles An,r en sortie du ddtecteur 41 sont ddsentrelacds (42) pour

foumir les syrnboles Ar,r ;, l

les symboles d6sentrelac6s A1,1 sont pr6sent6s h I'entr6e d'un d6codeur

convolutif 43 qui fournitune nouvelie estimation Ar.z de symboles Ap ;

dn sortic du ddcodeur 43, on ddterrnine (44) une,donn6e de conection Zk,

dite inforrnation extrinsbgue obtenue i partir des estimations Ap,1 et A1,2 i

45, dans le ddtecteur 41.

plus pr6cisdment, dans le rnode de rdalisation ddcrit,la donnde Zl est obtenue par

diff€rence entre A1,2 et ] 2As,1, d€livr6 par Ie multiplicateur 46, ou |2 est un coefficient
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positif. Zn est encore une estimation du symbole An, mais cette fois affectde d'un bruit

non coreld avec celui qui affecte A1, 1 et faiblement correl6 avec celui affectant Rn, grice

i la fonction d'entrelacement 45.

L'information extrinsdqueZnest ensuite utilis6e par le ddtecteur 4l en ajoutant ou

en retranchant e chaque mdtrique de branche du treillis associ6 au canal (cf figure 3) le

terme J1 lZnl, oD |1 est un coefficient positif. Le terme 11 lZll est retranchd

(respectivement ajout6) lorsque le symbole affectd tr la branche consid6r6e est de m6me

signe que Zn (respectivement de signe contraire). La valeur du coefficient 11 ddpend i la

fois du rapport signal br bruit et de la fiabilit6 de I'information extrinsdque Zn.

,L'information extrinsdque, affectde du coefficient 11 pour le multiplieur 48 est

par ailleurs retranchde (47) dla sortie du d6tecteur 4l avant d'€tre prdsent6e i I'entr6e du

ddcodeur 43. En iffet, I'information extrinsEqu eZnayant€t6 produite par le ddcodeur 43,

elle ne doit pas €tre rdutilisde par celui-ci.

I-e ddtecteur de symboles 4l prend ses ddcisions suivant un algorithme de type

Viterbi. Toutes les op6rations effectudes par ce ddtecteur corespondent tr celles ddcrites

dans le brevet FR 9l 05279. La diff6rence, par rapport I un algorithme de ddcociage

convolutif, rdside'dans le calcul des mdtriques de transition, ou m6triques de branche, qui

est mend diff6remment.

' 'Chaque noeud du treillis est repr6sentatif d'un 6tat possible du canal i un instant

nT donn6. Pour une IES portant sur Kl symboles posterieurs et K2 symboles antdrieurs

au symbole considdr6, c'est-i-dire pour:

Sn = E1=-g1 162 hgAn.1

l'6tat du canal i t = nT est donn6 par le (Kl+K2)-uplet (Ap..61-r...An+rAn An-t...An-K2).

La coniraissance de I'dtat du,canal i t = nT,ainsi que de la valeur de An*11 (syrnbole

"entrant't dans le canal) permet alors de connaitre son 6tat ) 1= (n+1)T

Ainsi, pour chaque noeud j du treillis pris I I'instant t = DT, deux mdtriques de

transition LjO .t Ljl sont calculdes. Elles correspondent aux deux transitions possibles

(An+Kl= 0 et An*61= l). Elles sont de la forme i I

Lio = (Rn - R.;o;z et Lll = (Rn - R.,l1z

oD Rn reprdsente l'€chantillon effectivement regu en entrde. du d6tecteur et Rjo
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(respectivement R;r; est la valeui th€orique de l'€chanlilfon non bruit6 lorsque l'6tat du

canal cortespond au noeud j du treillis et que Ai+rl=O (respectivement An+rt=1)' Rjo

(respectivement Rjl) est donc de la fonne : El=-Kr a rcz hxAn.r. Si A1161= 0' il slagit de

Rjo, tt si An161=1, il s'agit de R t'

En prhtique, on utilise: I'expression si:mplifide suivante pour le calcui des

L10; lR1- Rjo'l et Lil = lRn - R,t 1

Les performances de la ddtection sont alors trbs proches de celles obtenues avec

l'expres'sion prdcddente, et I'implantation sqr sflicium du calcll est trBs simplifi6e'

Endehorsdececalculdelm6triques,l'algorillmeO:tultulestsimilaire'dans

son principe conme dans sa mise el oeuvre, h un al-sorithml de ddcodage convolutif'

Dans la pratique, le rdcepteur illtlstri.en figure 4 induit une latence de calcul

(temps de traitement du d6tecteur 41, du d€coAeur 43, de I'entrelacement 45 et du'

ddsentrelacement 42).lln'est donc pas possible de connaitre instantandment Zn lorsqu'on

regoit Rn dans le ddtecteur 4t. En consdquence, selon une caractdristique essentielle de

I'invention, le prolSssui mrs en oeuvle est it6iatif'. 
" _ i ,

Ce processus est schdmatiqu.*.nt illustrd par la figure 5' Pour chaque symbole

regu Rn litape de rdception 5l), au moins feul it6rations 52 sont ttt"*rtt 
.,

chaque itdration 52 comprend une 6tape 521 de coffection de I'interfdrence entre

syrnboles. Comme indiqu6 pr6cddemment, c"itt corection met en oeuvre une technique

,'une information extrinsBque de correction Znet
de ddcodage convolutif, et tient compte d

de donndes,-tri rePrdsentativel du canal de tran;mtssion' 
.

Les informations Zn sont calcul6es lors de l'6tape 524' Bien s[r' lors de la

rucune valeur particulibre de Zn ntst connue' En cons6quence' celle-

ci est alors fixde i une valeur neutre, c'est-l-dire n'influant pas sur les calculs'

Apr6s la correction 521, les symboles estimds sont d6sentrelac6s lors de l'6tape

522 deddsentretacem:nt (si un entrelacement a 6t6 mis 
1n 

oeuvre I l'6irission)' puis

ddcod6s, selon une technique classique de ddcodage convolutif 523, et par exemple selon

la technique ddcrite dans la demande frangaise FR 91 05279.

Ensuite on calcule (524) I'information extrinstqueZv,i partir de la donnde 525
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d6tectde par I'dtape 521 de correction et de la donn6e 526 d€cod€e par l'6tape 523 de

d6codage. Puis les informations 2L sont r6-entrelacdes (527), symdtriquement au

ddsentrelacement 522, pour fournir,les informations Zn. L'information Zn est prise en

compte dans I'itape de conection 521 de I'itdration suivante.

1s6,de la derniEre itiration, I'dtape 524 de calcul de Zs n'est pas mise en oeuvre.

Le symbole d6cod6 Ds est ddlivr6 par I'dtape de ddcodage 523.

Le dispositif de rdceptiol correspondant peut ayantageusement €tre r6alis6 de

fagon modplalre, en associant un,modu,le h chaque itdration. La figure 6 illustre un tel

dispositif, comprenant quatre:modules. 
:

Le premier module 61 de la chainelegoit Rn, 1, le symbole regu par le dispositif,

et:d6livre d'une part,Rn, Z, gui ept igat i Rn, t affect6 d'un retardcorrespondant i la

latenc-e du module, et d'autre putZ,n,2 Itinformation extrinstque calcul6 par le module

6 I . Chacun des modules suivants 62 d 64 regoit le symbole retardd R 1, ; et I' information

extrinsdque Zs.i.Le deinier module 64 ddlivre le symbole d6codd Dn.
. !".'

On comprend aisdmint que les performances du dispositif, en
:"i l'

C'erreur sont foncticn du nornbre de modules mis en cascade.

De fagon avantageuse, tous les modules sont identiques. La figure 7 illustre un

exenrple de rdalisation d'un tel module. Plus prdcisdment, il s'agit du module

conespondant e la pidme i1f161ion. Il comprend :

2 entrdes : (R)o et (Z)0, . . ::

3 sorties : (R)p+r, (Z)pt et (D)p.

L'entrde (R)o est 6gale tr la sortie du canal retard6e de la latence de p-l modules.

L'entr€e (Z)o provient du module pr6c6dent et est fix6e, pour p = l, i une valeur

neutre, c'est-i-dire n'influant pas sur la sortie du ddtecteur.

terme de taux

la latence d'un module, est

P 6tant le nombre total de

,l

i la pir.. itdration. Cette

La sortie (R)p+r, 6gale i f'entr6e (R)o retard6e de

inutilisde si I'itdration est la derniBre du processus (p-P,
.;.: 'I

modules).

Lg sortie (Z)e+l est llinforpation eltrinsEque €laborde

sortieest6galementinutilis6edans'l1casouP=P.

La soqtie (D)0, qui est la donnde d6codde, est inutilis6e par les P - I premiers
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modules, seules les donndes issues de (D)o sont foumies au destinataire'

Les 6l6ments de ce module d€jn d6crits en relation avec la figure 4 ne sont pas

d6crits l nouveau, et portent les mQmes r{fdrences. On notera que, par rapport au schdma

de principe de la figure 4, diffdrentl reUrds sont ajoutds' Pour prendre en cornpte les

latences des diffdrents 6l6ments.

Ainsi, I'information exirinsgque (Z)o utilisde pour la diff6rence 47 doit €tre

retard6e (71) d'une'dur6e dgale tr la latence L1 du ddtecteur 41. C'est dgalement le cas de

(A)p,r qui doit €ue retard6e de la latence L2 du ddcodeur 43. Enfin, (R)o doit €tre retardie

Itale introduite par un module, L1, afin que (R)o*1 et (Z)p..1 soient

pr€sent€es au m€me instant I I'entrde du module suivant. Cette latence Ll est 6gale i la

tomme des latences du ddtecteur 41, L 1, du d€codeur, L2, €t de la latence introduite par

les opdrations d'entrelacement 45 et de d6sentrelacement 42 Lgp.

Les performances du dispositif de I'invention ont 6ti simuldes, et sont illustrdes

en figure 8. La donndb source est codde par un code convolutif systdmatique r6cursif

(code CSR) de longueur de contrainte K = 5 et de rendement R = ll2' Les donn6es

cod€es sont envoy€es sur le ..nui a. transmission aprBs un entielaiement non uniforme

dans une matrice de 64 lignes et 64 colonnes. La modulation utilis6e est une modulation

de phase h 2 Ctats (MDP2).

Les coefficients multiplicatifs h; sont r6els et constants et connus du ddtecteur de

symboles, mais le principe est applicable aux cas oir ils sont complexes et variables' Pour

les rdsultats prdsentds ci-aprbs, les coefficients h; ont 6t6 fix6s i :

hs =.,10,45, hr = {0,25, h2 = {0,15, hl={0,10, hl = {0,05

et v6rifient li=g 14 h;2 = 1. Le canal de transmission est dgalement perturb6 Par un

bruit additif blanc gaussien.

En sortie du canal, les dchantillons regus Rn sont quantifi6s sur 8 bits. Le

d6tecteur de symboles et le d6codeur de canal utilisent I'algorithme pr6sentd dans le brevet

FR 91 OS27g.Le fonctionnement du codeur est 6galernent reprdser.rtd par un treillis i l6
6tats. I-es valeurs de coefficients Tt et ]2 ont 6td ddtermindes de fagon empirique'

Les r6sultats pr6sent6s utilisent 4 modules. Les courbes C 1 et C2 reprdsentent le

taux d'erreur en sortie de la chaine de transmission, respectivement sans et avec codage
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de canal, en I'absence d'interfdrence entre symboles : C3 donne le taux d'erreur dans le

cas classigue of le d€tecteur de symboles fournil une dCcision binaire (ddcision ferme) et

les courbes C4; montrent les rdsultats ottenus avec le dispositif propos6, aprds I'it6ration

de rang i.

Ces courbes rrrontrentdortc que h un taux d'erreur de 10'5, I'utilisation d'un

d6tecteur de symboles i sortie pond6rde permet de gagner 1,-6dB par rapport i un

d6tecteur tr d6cision ferme et lel, trois itdrations suppldmentaires apportent un gain

suppldmentaire de 3 dB environ. Lorsque le nombre d'itdrations augmente, les

performances se rapprochent de celles obtenues sur un canal gaussien cod6.
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REVENDICATIONS

Dispositif de rdception de signaux form6s d'une sdrie de symboles num6riques

correspondant au codage convolutifde donn€es numdriques source'

caract6risd en ce qu'il comprend p modules (61 I 64) de ddtection et de ddcodage M 1 I
Mo en cascade, p 6tant supdrieur ou 6gal d 2,' '

chacun desdits modules M; comprenant :

des moyens (41,47,48) de conection de I'interfdrence entre symboles, aliment6s

par:une entr6e de syrnbole,R; et d6livrant des symboles estimds Ai,r i valeurs

pond6rdes, : :

des moyens (43) de d6codage desdits,symboles estirnds A;,1, effectuant des

opdrations symdtriques,audit codage convolutif et d6livrant des symboles ddcodds

Ai,z i valeurs Pond€r6es, et

, , des,moyens (44,46) de calcul d'une information de corection Zi*t it partir dudit

I I' 
symbole'estim& A;,1 et dudit symbole d6cod6 A;,2,

lesdits moyens (41) de correction de chacun desdits modulesM;, i I'exception du premier

module M1, tenant compte <i'au moins une iniormation cie corieciion 21 ddtermin6e par !e

module prdcddent Mi-1.

Z . Dispositif selon la revendication l, caractdris6 en ce que chacun desdits modules

M; prdsente deux entr6es, une entrde de symbole R; et une entrie de corection Z;, et trois

sorties,-une Sortie de symbole R;11, ulle sortie de corection Zial etune Sortie de symbole

d6cod6 D;a1,

I'entrde de symbole R; du module M; dtant connect6e i la sortie de symbole Ri du module

M;-1, pout i supdrieur I l, et 6tant aliment6 par les symboles requs pour i 6gal d I'

I'entr6e de correction Z; du module Mi,6tant connect6e tr la sortie de correctionZi du

module M1-1, ;iour i sup6rieur ir 1, et dtant alimentd par une valeur neutre, n'influant pa5

sur la conection, pour i 6gal I 1,

la sortie de symbole R;11 du module M; 6tant dgale Dr ll entrde de sympole R; dudit

module Mi retardde du ternps de latence imposd'par le module Mi,

la sortie de correction(+tddlivrant ladite information de cor€ction' et

la sortie de symbole d€cod6 D1..1 6tant inutilis6e pour les modules M1 i Mp-r, et 6tant
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alimentde par le symbole dCcodd Ap,z du module Mo si le code mis en oeuvre est un code

systdmatique, it par une valeur reconstitu6e en fonction du code mis en oeuvre sinon.

3 . Dispositif selon I'une quelconque des revendications I et 2, caractdrisd en ce que

lesdits moyens (41) de conection di l'interf6rence entre symboles sont aliment6s par une

information de coriection Zi repr6sentative d'une diffdrence (44) entre chaque symbole

ddcodd A;,2 et le symbole estim6 A;.1 conespondant.

4 , Dispositif selon la revendication 3, caract€risd en ce que lesdits moyens de calcul

de I'information de correctioh comprennent des moyens (46) de multiplication desdits

symboles estim6s A;,1 par un coefficient ponddrateur positif 72, ddlivrant des sylnboles

pondirds, et des moyens (44) de soustraction calculant la diff6rence entre chaque

symbole ddcodd A;.2 et le symbole ponddrd corespondant, et ddlivrant ladite information

ile correction Z;.

5 . Dispositif selon I'une quelconque des revendications I i 4, caractdrisd en ce que

lesdits moyens (41, 47.,48) dp comection de I'interfirence entre symboles effectuent led

op6rations suivantes :

calcul (48) d'une vaieur de comection V; = lfiZil, of 11 esi un coefficient

positifet oil | I reprdsente I'op6rateur valeur absolue ;

pour chaque branche du treillis correspondant audit code convolutif,

ddtermination (41) d'un syrnbole ddtectd A;,s, comprenant les itapes

suivantes :

- si le symbole affect6 h ladite branche est de m6me signe que ladite

information de corTection Z;, soustraction i la mdtrique associde i

- si le symbole affectd I ladite branche est de signe oppos6 i celui de

. ladite information de correctionZi, addition i la mdtrique associ6e

tr ladite branche de ladite valeur de conection V; ;

soUstraction (47) audit symbole ddtectd A;,s de lavalewy{a,
6. Dispositif selon Ia revendication 5, caractdris6 er:ce QUe ledit cbefficienr y1

ddpend d'au moins une des informations appartenant au groupe comprenanr :

le rapport signal h bruit ;
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- le num6ro i du rnodule considdr6.

7 , Dispositif selon I'une quelconque des revendications I 16, appliqud I la rdception

de symboles soumis i un entrelacement i l'€mission, caractdrisd en ce qu'il comprend :

- des moyens (42),de ddsentrelacement assurant I'opdration sym6trique

moyens de d6codage; et

8 . Module de d6tection et de ddcodage destin6 lOtre mis en oeuvre dans un dispositif

de rdception,de silnaux,formds d'une sCrie,de gymboles numdriques correspondant au

sitif comPrenant au moinscodage convolutif de donndes num€riques source' ledit dispo

deux modules en cascade,

caractdrisd en ce qu'il prdsente deux entrdes, une entrde de symbole R; et une entr6e de

conection Z;, et trois sorties, une sortie de symbole R;11, une sortie de correction 2111 et'

une sortie de symbole ddcodd D;q1,

et en ce qu'il comprend :

des moyens (41,47,48) de correction de I'interfdrence entre symboles, alimentds

par ladite entree de symbole R; et tenant compte de ladite entr6e de correction Zi,

et ddlivrant des symboles estimds Ai,r,

des moyens (a3) de ddcodage desdits symboles estirnds A;,1, effectuant des

Op6rations synrdtriques audit codage convolutif et ddlivrant des symboles ddcod6s

A;,2, et

des moyens (M,46)de calcul d'une information de correctio nZi*t i partir dudit

symbole estirn6 A1,1 et dudit symbole d6codd A;,2,

la sortie de symbole Ri.,1 dtant 6gale h I' entrde de'symbole R; retardde d'un temps de

latence pr6d6fini,

la sortie de conectio\4+t d6livrant ladite information de colrection, et

la sortie de symbole dCcod6 D;11 6tant alimentde par ledit symboled6cod€ A;,2, ou par

une valeur reconstitu6e en fonction du code mis en oeuvre.

9 . Proc6d6 de rdception de signaux form6s d'une s6rie de symboles numdriques
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corespondant au codage convolutif de donndes num6riques source'

caract6risd en ce qu'il comprend les €tapes suivantes :

alirnentation (51) par.-les symboles requs:R; ;

correction (521) de I'interfdrence entre symboles affectant chacun desdits

symboles regus hpartir diune information de ccrrecticn Zi, et ddlivrant

des symboles estim6s Ai,r ;

ddcodage (523) desdits symboles estimes A;,1, effectuant des opdrations

sym6triques audit codage convolutif et d6livrant des symboles d6cod6s

calcul (52a) de ladite inforiration de correction Zi, h partir et d'au moins

un desdits symboles estirnds A;,1 et dlau rnoins un desdits symboles

d6codds Ai.z.
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IN TIIE I.JMIED STATES PATENT A}{D TRADEI\{ARK OFFICE

FI0FS[f,ec,d Zs JUL CYlffiz'al

Applicant

Serial No.

Filed

For

Docket No.

Catherine Douillard et al.

Herewith

DEVICE FOR TIE RECEPTION OF
DIGITAL SIGNALS WITII ITERATTIVE
STRUCTLJRE, AI.ID CORRESPONDING
MODULE Al.lD METIIOD

F264.312.16

Group Art Unit:

Examiner:

,. i?

PRELIMINARY AMENDMENT

BoxNon-Fee Amendment

I CERTIFY TITAT TIIIS PAPER IS BEING SENT BY U.S. MAII.
FIRST CI.ASS, TO TIS ASSISTAI{T COMMISSIONER FOR

I'OX NOn-Iee Amenoment PATENTS, WASHTNGTON, D.c. 2023t, THrS _ DAv oF

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

l9_.

Please amend the above-identified application as follows:

IN THE CLAIMS

Please amend claims 1, 3-5 andT-9as follows:

l. (Amended) Dwice for the reception of signals formed by a series of digital symbols corresponding

to the convolutive encoding of items of source digital data

characterized in that it comprises p cascade-connected detection and decoding

modules [(61 to 6a)] Mr to lnb, p being greaterthan or equal to 2,

each of said modules Ir,{ including:

inter-synrbol interfere,nce correction means l(41, 47,48)] supplied by a symbol input

& *d delivering estimated symbols.\, 1 with weighted values,

means K43I forthe decoding of said estimated symbols 4, t performing operations

symmetrical to said convolutive encoding and delivering decoded synrbols 4, z .*th wgighted values,

and

PATENTATTORNEY
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Inventor: Douillard et al. Serial No.:

means I(M,46)l forthe computation of an item of correction information Zi11 ftom

qaid estimated symbol4, t and said decoded symbol.{,2,

said means t(41)l for the correction of each of said modules I\,{, except for the first

module M1, taking account of at least one item of correction informati on Zi determined by the

previous module Ir,{-1 .

Device according to claim 1, characterized in that each of said modules I\,f has two

inputq one synrbol input \ and one correction input Zi and three outputs, one symbol output \*1,
one correction output Zi*1and one decoded symbol output Di+1,

the synrbol input \ ofthe module h{ being connected to the symbol output \ of the module Ir{.-1

for i greater than I and being supplied with the symbols received for i equal to l,
the correction input Zi of the module 14 b"ing connected to the correction output Ziof the module

luli-f fot i greater than I and being zupplied with a neutral value that does not affect the correction

for i equal to 1,

the symbol output \*1 of the module ltdi being equal to the symbol input \ of said module Ir,{

delayed by the latency time dictated by the module I\,{,

the correction orrtput Zi*1 delivering said correction informatioq and

the decoded synrbol output Dp1 being unused for the modules M1 to Nb-r anO being supplied with

the decoded qymbol \ 2 ofthe module lvle if the code implemented is a systematic code and, if not,

with a corresponding reconstituted value.

3. (Amended) Device according to [any of the claims I and 2] claim l. characterized in that said

means t(41)l for the correction of the inter-symbol interference are supplied with an item of

correction informationZi representing a difference t(44)l between each decoded symbol ,\, 2 and the

corresponding estimate symbol ^\, 1.

-2-

l"i

i$:l

,:st ll
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Inventor: Douillard et al. Serial No.:

4. (Amended) Dwice according to claim 3, characterized in that said rneans to compute the item of

correction information comprise means t(46)l for the multiplication of said estimation symbols,\'

t by a positive weighting coefficient y2 delivering weighted symbols, and subtraction means t(44)l

computing the differencebetween each decoded ggr$ol { z *a the corresponding weighted symbol

and delivering said item of correction informationZi.

5. (Amended) Dwice according to [any ofthe claims 1 to 4] dainLl, characterized in that said means

l(41, 47, aS)l fof the correction of inter-symbol interference perform the following operations:

- the computation [(41)] of a correstion value V1=yt I Zil,where y1 is a positive

coefficient and where I I represents the abSolute v.alue operator;

- for each arm ofthe lattice corresponding to said convolutive code, the determining

t(41)l of a detected symbol A1,0, comprising the following steps:

- if the symbol assigned to said branch has the same sign as said item of correction

information Zi,M s$racdorL from tlre mefiic associated with said arnl of said correction value \;
- ifthe symbol assigned to said arm has a sign opposite that of said item of correction

information Zi,theadditiorq to the metric associated with said arrq of said correction value \;
- the subtraction [(47)], from said detected symbol4,0, ofthe valuey{i.

6. Device according to claim 5, characterized in that said coefEcient f 1 depends on at

least one of the items of information belonging to the group comprising:

- the signal-to-noise ratio;

- the number i ofthe module considered.

7. (Amended) Device according to [any of the claims I to 6] olaim 1, applied to the reception of

symbols subjected to an interleaving operation at transmission, charactenzedin that.it comprises:

- de-interleaving means t@2)j providing for the symmetrical operation of said

interleaving inserted between said correction means and said decoding means; and

-3-
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- interleaving means t(45)l providing for an interleaving of said items of correction

information that is identical to said interleaving at transmission.

8. (Amended) Detection and decoding module designed to be implemented in a device for the

reception of signals formed by a series of digital symbols corresponding to the convolutive encoding

of items of source digital datq said device comprising at least two cascade-connected modules,

characterized inthat it has two inputs, one symbol input & *d one correction input Zi, urdthree

outputq one qynrbol output \+1, one correction output Zial andone decoded symbol output Di11,

and in that it comprises:

meafft I(41,47,a8)l for the correction of inter-symbol interference, supplied by said

synrbol input & and taking account of said correction input Zi and delivering estimated symbols ,\,

lr
meaffl K43)l for the decodfus of said estimated symbols 4, l, perfo.tning operations

s)tmmetrical to said convolutive encoding and delivering decoded symbols 4,2, ild
means l(44,6)l forthe cornputation of an item of correction information Zgal from

said estimated symbol4, r and said decoded symbol { z,

the symbol output fu1 being equal to the symbol input \ delayed by a predefined latency time,

the correction output Zp1 delivering said correction information, and

the decoded symbol output Di*1 being supplied with said decoded symbol A1,2 or with a value

reconstituted as a function ofthe code implemented.

9. (Amended) Method for the reception of signals formed by a series of digital symbols

corresponding to the convolutive encoding of items of source digltal data comprising the following

steps:

- supplying t(51)] with received symbols \;

4-
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- the correction t(521)l of inter-synrbol interference affecting each of said received

symbols, by means of an item of correction informati onzioand the delivery of estimated symbols \

1i

- the decoding t(523I of said estimated sjmbols { 1 entailing operations symmetrical

to said convolutive encoding and the delivery of decoded symbols Ai,2l

- the computation t(524)l of said items of correction information Zifrom at least one

of said estimated symbols 4, r md at least one of said decoded symbols '\'2'

^AoA +n
InthisPreliminaryAmendmenttheclaimsareamendedtoremovemultiple

dependencies and reference numerals. The application is now in condition for examination' The

Examiner is invited to contact the undersigned attorney at the number listed below if it would any

way facilitate allowance of the claims'

Respectfu lly submitted,

KINNEY & LAfi{GE, P.A

625 Fourth Avenue South

-5-

ril

,ri"i"i

By: {
Jeftey
Suite I

Mnneapolis, MN 5541 5-1659

Phone:' (612)339-1863 Fa"r (612) 339-6580

JDS:cnj
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JEFFREY D. SHEIdCHUK
KINNEY & LANGE PA
SUITE 15OO
625 FOURTH AVENUE SOUTH
mTNNEAPOLIS mN 55415-16s9

NOTTFICATION Or MISSING REQUIREMENTS TJNDER 35 U.S.C. 371 IN TIm UNITED
STATES DESTGNATED/ELECTED OFFTCE (DO/EO/US)

1. The following items have been submitted by the applicant or the IB to the United States Patent and Trademark
Offrce as E]a Designated Office (37 CFR 1.494),

.46 Hected Office (37 CFR 1.495):

EA;. Basic National Fee.

ffiopy of the intemarional applicarion in:r

-Wton-engl 
ish I anguage'

-5 English.
g Translation of the international application into English.

I Oath or Declaration of inventors(s) for DO/EO/US.

E Copy of Article 19 amendments.

! Translation of Article 19 amendments into,English.

E The Integrational Preliminary Exarnination Repon in English and its Annexes, if any.

Exasrination Report into English.
uld 

-.

s'r'ar'$s DufArt'r'I\4J' \'.f ()1,' COMM$R(":$
and Tbademark Office

:'ASSISTANT COMMISSIONEIT OR PATEITTS

Bor PCT , :.

wrsbingon, D.O;"0i31 , t 
*.3.'

08,/994,20 1 DOUILLARD F26,1r.312-15
INTERNATIONAL APPUCATION NO.

561 1 PCT,/FR96/AO1g7

I.A. FILINO D^TE I PRIoRTTY DATE

o2/s6./s6 a2/o7 /95
D^rE MAfLED: 10/31/97

E Translation of fuinexes to the I

;V!P r eliminary amendment$) filedtft{nfor 
ution Disclosure statementlg fi' n Assignment document.

and

El Power of Attorney and/or Change of Address.

I Substitute specification filed

n Ve,f,red Sratemenr Claiming Small Enrity Status.

,&fwrity Document. -.-)d'Copy of the International Search Repon fiand copies of the.references cired therein,1fr ottren
' 2' The following items MUST be furnished wirhin the period set forth below in order to complete the requirements for

acceptance under 35 U.S.C. 371:

fl a. Translation of the application into English. Note a processing fee will be roquired if submitted
later than the appropriate 20 or 30 months from the priority date.

E The current translation is defective for the reasons indicated on the attached Notice of Defective
Translation.

fl b. Processing fee for providing the translation of the application and/or the Annexes later that the

,App.ropriare 20 or 30 months from the priority date (32 CFR 1.492(0).

Ec. Oan or decluation of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application
/ by the Inrernarional application number and international filing date.

_E The current oath or declaration does not comply with 37 CFR 1.497(a) and (b) for the reasons indicated

/"' on the attached PCT/DO/EO/917.
.ffd. Surcharge for providing the oath or declaration later that the appropriate 20 or 30 months from the- prioriry date (37 CFR l.a92(e)).

3'Additionalclaimfeesof$-asaElargeentiti[smallendry,includingarryrequiredmultiple
depencent claim fee, *. t.quiEd-lTf,ffit must submit the additional claim fees or cancel the additional claims for
which fees are due. See artached pTO-875.

ALL OF Tm ITEMS SET FORTH IN 2(a)-2(d) AI.{D 3 ABOVE MUST,BE SUBIVIITTED WITHIN ONE
IVIONTH FROII{ TIIE DATE OF THrS NOTTCE OR By Dzr ORBfi MONTHS FROM TIIE pRrORrTy

. DATE FOR TIIE APPLIC.ATION, WIIICTIEVER IS LAIER. nffunT To PRoPERLY RESPoND wILL
RESULT IN ABANDONN,TENT.

The rime period set above may be extended by fiiing a peririon and fee for extension of time under.rhe provjsions of 37
CFR 1.136(a).

4. Translarion of the Annexes MUST be submirted no larer that rhe time period ser above or rhe annexes will be
canc.eiled. Note proces5ing fee will be required if submitted larer than ,30 monrhs from rhe prioriry date.
5. i-l The Anicle l9 amendments are cancelled since a translarion was nor provided by the ippropriate 20 (37 CFR+1.494(d)) or 30 (37 CFR 1.495(d)) monrhs,from rhe priority date.

Applicant is reminded *rai any communication to rhe United Stares Patenr and Trademark Office rnust be mailed ro &j
address given in the heading and include the-u.s;TpF'lic5ti6[To:Tnb*ii a66ve. (37 cFR r,5)

A copy of this notice MUST be returned with this responss. , -A
Enclosed: n Pcr/Do/Eo/gt1 ElNorice of Defecrive Tre,,slarion 9EOyVtgif ' +| 1...{ J

_ _E 
pro-87s , p6lr@tr,trg0dD,vtd0*)ylw'

FORM PCT/DO/EO/905 (Seprember 1996)
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5€CTAL

: Catherine Douillard et al.

: 081894,207

: July 29, L997

: DEVICE FOR THE RECEPTION OF

DIGITAL SIGNALS WITH ITBRATTVE

STRUCTIJRE AND CORRESPONDING
MODULE AND METHOD

Docket No. : F264.312-16

RESPONSE TO NOTIFICATION OF MISSING REQUIREMENTS
UNDER 35 USC 371 IN THE UMTED STATES
DESTGNATED/ELECTED OFFICE (DO/EO/US) 

!

Box Missing Parts

Assibtant Commissioner for Patents

Washington, D.C. 2023t

Sir:

In response to the Notification of Missing Requirements under 35 u.S.C. 371 n

the united states Designated/Elected office (Do/Eo/us) dated october 31, 1oo7, Applicant

encloses the following documents to complete the above-identified patent application filed July 29,

te97:

Our checks in the amount of $40.00 to cover the Assignment recording fee;

and $130.00 for Missing Requirements surcharge.

Declaration executed by the inventor(s).

Power of Attorney.

13a,i/0*t5F6^
,* r",#Hffirf$l*ih$*?[RffiDEMA;;;";;' 

"#B

2.

3.

Slrtl{t# mffiffi sffi Wffi.;1xffuted Assignment of the invention to France Telecom and Telediffrrsion

de France, and Recordation Form Cover Sheet. 
r

5. Certificate Under 37 CFR $ 3.730) and attached copy of Assignment.

Serial No.

Filed

For

1.

I CERTIFY THAT THIS PAPER IS BEING SENT BY U.S. MAIL'
FRST CLASS, TO THE ASSISTANT COMMLSqIO,I'IER FOR
pATEMs, .WASHINGToN, D.c. 2013r, Tws ebyD A\,oF
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6.NotificationofMissingRequirementsUnder35U.S.c.3TlintheUnited

States Designated/Elected -Office (DO/EO/US)

TheCommissionerisauthorizedtochugepaymentofanyadditionalfeesassociated

with this paper or credit any overpayment to Deposit Account No' 11-0982' A duplicate copy of

this sheet is enclosed'

JDS:atp

RespectfutlY submitted'

KINNEY & LANGE, P.A'

(612) 339-6s80

frilNo. 37,235

ili**P"lis, MN 55415-1659

Pi;;;, 
^ 

612') 33e-1863 Fax:
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A PROFESSIONAL ASSOCIATION

tE 1500

'FOURTH AVENUE SOUTH

."1INNEAPOUS. MINNESOTA 55415-1659

(612) 339-1863 DECLARATION

$$ 
-trsEt DECLARATION

tr
-i:

:t +,r

,i -.;

oRIGINAL 8 NenoNaIsTAGEoFPcT APPUCATION

Attorney Docket No.

F264.312-76

tr oryIsIoNel tr cotttuvuntron
tr covrwuanoN-lN-PART

SPECilICATION AND INVENTORSHIP IDENTTFICATION

As a below named inventor, I declare thal

My residence, post office address and citizenship are as stated below next to my name.

I believe I amthe original, first and tr sole A joint inventor ofthe subject matter which is

claimed, and for which a patent is sought, on the invention entitled DEVICE FOR THE RECEPTION OF DIffi
SIGNALS WITH ITERATTVE STRUCTURE. AND CORRESPONDING MODULE AND METHOD, thE

specification of which;

a is attachedhereto.

was filed on as Appln. Serial No. 

--,

tr and was amended on

was described and claimed in PCT International Application
Februarv 6. 1996 ,

No. PCT/FR96/00197 , filed on

and was amended under FCT Article 19 on

ACKNOWLEDGEMENT OF RNVIEW OF PAPERS AND DUTY OF CANDOR

I have reviewed and understand the conlents of the above identified specification, including the claims, as

amended by any amendmentreferred to above. I acknowledge the duty to disclose information which is known to me

to be material to the patentability of this application in accordance with Title 37 , Code of Federal Regulations, $ 1 .56.

PRTORTTY CLAIM (3s USC $ 119)

I claim foreign priority benefits underTitle 35, United States Code, $ 119 ofany foreign application(s) for
patent or inventor's certificate listed belov and have also identified below any foreigr application for patent or inventor's

certificate having a filing date before that of the application on which priority is claimed:

Prior Foreign Application(s)

Day/MonthlYem Filed Priority Claimed
t

Number Country

95 01603 7 February 1995 eYes tr No

trYes trNo

trYes trNo

F0RM I, Page I
@Kinney & hnge, P.A. 1994
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KINNEY
&. LANGE
A PROFESSIONAL ASSOCIATION

tTE 1500

T.OIjRTH AVENIJE SOUTH

., TNNEAPOUS, MINNESOTA 55415-1659

(612) 339-1863 DECLARATION

PRTORTTY CLArM (35 USC $ 120)

I claim the benefit under Title 35, United States Code, $ 120 of any United States application(s) listed below.

Insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States

application in the manner provided by the frst paragraph of Title 35 United States Code $ 112, I acknowledge the duty

to disclose to the Patent Office all information known to me to be material to patentability as defined in Title 37 Code

of Federal Regulations $ 1.56 which became available between the filing date of the prior application and the national

or PCT international filing date of this application:

U.S. Serial No. International Appln. No.
(under PCT)

Fling Date

DECLARATION

I declare ttrat At satements made herein that are of my orrn knowledge are true and that all statements that are

made on information and belief are believed to be fiue; and further that these statements were made with the knowledge

that willful false stalements and the like so made are punishable by fine or imprisonment, or both, under Section 1001

of Title 18 of the United States Code and that such willful false.statpments may jeopardize the validity of the application

or any patent issued thereon.

DESIGNATION OE CORRESPONDENCE ADDRESS

Please address all conespondence and telephone calls toJg!&ylDrS@- in care of:

KINNEY & I-ANGE, P.A.

Phone: (612) 339-1863 Fax: (612) 339-6580

: Carherine Douillard

Status (patented,
pending, abandoned)

t-t

ii ii

il'tl
** o,, l"g I lt CS*1,""*,1')

Citizenship: France

P.O. Address: ? nrc deT nnninn F-tq?n0Rresf Frnnce

Full name of sole or first joint

,$ro*,*"'.
U Residence:

n.t , ollosl sf [ Sth]i*L(.- A'P)
Full name of second i inventor: Alain Cilavieux,

P.O. Address:

Citizenship: France

FORM I, Page 2
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KTNNEYw rrTE 1500

FOURTH AVENTJE SOUTI{

., r'IINEAPOLF, MINNESOTA 55415-1659
DECLARATION

A PROFESSIONAL ASSOCIATION (612) 339-1863

s
u

Full name of third joint inventor: Michel Jesesuel- ; I .. . ,r \\

cirrar';a' >-' '& \ n n"' 'l /l {q + (\?L*L\rr /
Signature:

Residence:
CitizenshiP: France

P.O. Address: Keresseis. F-29200 Brest' France -

:9lgde3eaou-- ' .,,
o^t", -rb/l + I S.X,.*i(Y,., I 

rt )

CitizenshiP: France

Full name of fourth joint i

Signature:

Residence:

P.O. Address:

:r.i i

f*r

:. it

FORM I, Page 3
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A PROFBSSIOi,IAL ASSOCIATION

|. i ,.i ,...i
SUr i00

625 I.UURTII AVENUE SOUTH

MINNEAPOLIS, MINNESOTA 55415.1659

(612) 339-1863 POWER OF ATTORNEY

"S$tt' "
WEROFATTORNEY

Title:
CORRESPONDING MODULE AND METHOD

In the patent application:

E identifiedabove.

E filed onJgLL2L1997 as application Serial No'

I appoint the attorneys and agents associated with Customer Number 00164 to prosecute the patent

application identified.above and to transact all business in the Patent and Trademark Office connected therewith'

inCtuOing full power of association, substitution and revocation'

I ratify all prior actions taken by Kinney & Lange, P.A. or the attorneys and agents mentioned above in

connection wittr the prosecution of the above-mentioned patent application.

I authorize Kinney & Lange, p.A. to mark the appropriate space above and to insert the filing date and Serial

No. of the application, as appropriate.

I authorize the attorneys and agents named herein to accept and follow insfiuctions fromCabjnglPgtice.@

as to any action to be taken in ttre Pateniand Trademark Office regarding ttris applicatibn without direct cornrnunication

between the attomeys and agents and the undersigned. In the weit of aihange in the persons from whom instructions

may be taken, the attorneys and agents named hirein will be so notified by the undersigned'

please address all correspondence and telephone calls toJgfflgy-Dshew€huk in care of:

KINNEY & LANGE, P.A.
Suite 1500

625 Fourth Avenue South

Minneapolis, Minnesota 55415-1659

Phone: (612)339-1863 Fax: (612) 339-6580

Assignee or Owner:

Assignee or Owner: Telediffusion De Fr?nce

Signatu Le Directeur du CCETT Date:

Isft

Printed Name:

FORM 2, Page I
@Kinney & Lange, P.A. 1994
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o/ 37t q t4Jsu, 500

625 FOURTH AVENT,JE SOUTH

MINNEAPOLIS, MINNBSOTA 554 I 5.

(612) 339-1863

TE UNDER
37 CFR 3.73(b)A PROFESSIONAL ASSOCTATION

Applicant

Serial No.

Filed

For

Docket No.

Group Art Unit:

Examiner:

Sir:

A.

@.^ 
!

o&2

Catherine Dquillardet al.

July 29,1997

DEVICE FOR THE RECEPTION OF DIGITAL
SIGNALS WITH ITERATTVE STRUCTURE, AND
CORRESPONDING MODTJLE AND METHOD

F264.312-16

CERTIFICATE T]NDER 37 CFR $ 3.73(b)

I HEREBY CERTIFY THAT THIS PAPER IS BEING
SENT BY U.S. MAIL, FIRST CLASS, TO THE
COMMISSIONER OF PATENTS AND

Commissione.r of Patents and Trademarks
Washington, D.C.20231

France Telecom , a/an company , of France and Telediffrrsion De France S.A., a/an company , of F[ance,,

are the owners of the entire right, title and interest in the patent application identified above by virtue of either:

An assignment from the inventor(s) of the patent application identified above. A copy of the

assignment is attached or was recorded in the Patent and Trademark Office at Reel .- Frame

A chain oftitle from the inventor(s), ofthe patent application identified above, to the current assignee

as shown below:

From:
A copy of the document is attached or was recorded in the Patent and Trademark

Office at Reel-, Frame-.

From:
A copy of the document is attached or was recorded in the Patent and Trademark

Office at Reel- Frame- I

From:-To:-
A copy of the document is attached or was recorded in the Patent and Trademark
Office at Reel- Frame------.

To:

To:

FORM 5, Page I
@Kinney & lange, P.A. 1994
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KTNNEY
Cir LANGE

su. .500

625 FOTJRTH AVENTJE SOUTII
MINNEAPOUS, MINNESOTA 554 I 5- I 659
(612) 339-1863A PROEESSIONAL ASSOCIATION

CERTIFICATE UNDER
37 CFR 3.73(b)

' The undersigned has reviewed all ttre documents in the chain of title of the patent application identified above
and certifies' to the best ofundersigned's knowledge and belief, title is in the assignee identified above.

The undersigned (whose title is supplied below) is empowered to act on behalf of the assignee.
I hereby declare that all certified statements made herein of my own knowledge are fue, and that all statements

made on information and belief are believed to be true; and further, that these statements are made with the knowledge
that willful false statements, and the like so made, are punishable by fine or imprisonment, or both, under Section 1001,
Title 18 of the united States code, and that such willfirl false statements may jeopard ize thevalidity of the application
or any patent issuing thereon.

FRANCE 1ELECOM

Signature:

Printed Name:

Title:

TELEDIFFUSIONDE

Signature:

Printed Name:

Tirle:

FORM 5, Page 2
@Kinney & Lange, p.A. 1994

117



KINNEYW
A PROFESSIONAL ASSOCIATION

sL. . - 1500

625 FOI.JRTH AVENUE SOUTH

MINNEAPOLIS, MINNESOTA 554 1 5. 1659

(612) 339-1863 ASSIGNMENT

ASSIGNMENT
F264.312-16

Inventor(s): Catherine Doqillard. Alain Glavieux. Michel Jezequel and Claude Benou
Title: DEVICE FOR TI{E RECEffiON OF DIG. ITAL SIGNAL wTrH I1SRATIVE STRUCTURE. AND
CORRESPONDING MODT.JLE AND METHOD

WHEREAS, I, Catherine Douillard . of 3. rue de Lannion. F,29200 Bres Alain Glavieux, of EN$I
Bretagme. Bolte postal 832. F-29285 Brest C€dex. France, Mich,4 Jezequpl of @, and

Claude Berrou, of f. impasse de Gorreqdbr. fifSZ00 logamari".ptouzane. Ffance, have invented certain new and

useful imprcvements as described in an application enti0ed DEVICE FOR TIIE RECEPTION OF DIGITAL SIGNAL

wrm rrgnrtmrr srnucnnB et{D'coruuspot.'lDn Io l\aooule AI.[D MFIHOO for Letters Patent of the

United States, the application having been executed on even date herewith, and/Or being identifiable in the United States

Patent and Trademark Office by Serial No. filed-; and

WIIEREAS, France Telecom, a company organizr$ and existing under the laws of France , and having

offices at 6. place d'Alleray. F-75015 Paris. France and Telediffrrsipn De Frange S.A., a gglllpgUly organized and

existing under the laws of France, and having offices at 10. pq d'Oradour-sutGlane. F-75732 Paris C-6.dex. 15. Frence'

(,'Assifree')is desirous of acquiring the entire righq title and interest in and to the invention, the application, and any

and all Letters Patent or similar legal protection, foreign or domestic, to be obtained therefor;

NOW, TIIEREFORE, for good and valuable consideration, the receipt and adequacy of which is hereby

acknowledged, I transfer to Assignec, its succissors and assigns, my entire right, title and interest in and to the

invention, the above-ident'rfied applicatioq corresponding domestic and foreign applications, all lrtters Patent or similar "

legal protection issuing thereon,and all rights and benefig under any applicable fieaty or convention; and I authorize

tni Cbmmissioner of Patents and Trademarks of the United States or foreign equivaLent thereof to issue the Letters

Patent or similar legal protection to the Assignee. x.

I authorize the Assignee, its successors and assigns, to insert in this instrument the filing date and serial

number of the application when ascertained.

I authorize the Assignee, its successors and assigns, or anyone it may properly designate, to apply for Letters

Patent or similar legal protection, in its own name if desired, in any and all foreign countries.

I represent o thc Assigree, its successors and assigns, that I have not and shall not execute any writing or do

any act whatsoever conflicting with this Assignment, I, my executon or administrators, will at any time upon request'

without additional consideration, but at the expense ofthe Assignee, its successors and assigns, execute such additional

writings and do such additional acts as the Assignee, its successors and assigns, may deem desirable to perfect its

enjoyment of this granq and render all assistanco in making application for and obtaining, maintaining, and eriforcing

the Letters Patent or similar legal pro-tection on the invention in any and all countries.

WitnessdCgy: 
l t-l"r,hn- O;ll

' lt f F.^A-,
PrintedNam.' h^* T,J&fftf

Address TrrL-UL &.g"rt it*c

bJ^ r'l)

FORM 3, Page I
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KINNEYw sL.^i 1500

625 FOURTH AVENUE SOUTH

MINNEAPOLIS, MINNESOTA 55415. I 659
ASSIGNMENT

A PROFESSIONAL ASSOCIATION (612) 339-r863

printedName: &r^j Trt{"fl,f

Address fr.l)'.olnf^ ott 0x* - ir*r'-
a0 t?L B&rr ||r ,cv{"+"\

tc. L l9r)
^nn ,.#- o^n' 't/t i 1+ \Y t' '

a.t. t1r" $P*r

&p**'ffif)
Signature:

Printed

WitnessedBY:

Printedxurner [+^l Yuiltf -

Address fuU4nU U Br^* I1"{lt .

FORM 3, Page 2
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8 ffi Wubhioo, D.C.2@31

*16

02/06/96 02/07 /9s
D^r8 MATLED: oL/az/g8

35 U.S.C. 371 REQUR'EMBNTS

08/894 ,2O7 DOUILLARD

r 5611

JEFFREY D. SHEI{CHUK

KINNBY & LANGE PA

SUITE 15OO
6zs-r'ounru AvsNuE sourn--
illlrnilnFoLrs t'tu 5s41s-16se

NOTIFICATION OF ACCEPTAI'ICE OF APPLICATION I'TNDER 35 U'S'C' 371

Ar'lD 37 crR 1'494 0R 1'495

1. The applicalrt is hereby adviscd q",.9 u"ited states PatentSrd Trademark office.in its capaciry tt fl'
Designated orFrcc (3i;i,R 1: ieoffi;;; dffi pz crn rJ9t, has determinsd tbar rhe abovc

identiried internationalliiii.iitii#; ilr["Lot..f: d's'c' l.zrr So 
is AccEPTED ror

national patentabiliry :-#ffi;ii rnt:iittitta Siatcs Patent and Trademark offtce'

2. The united states Apprication Ntrrrber usigned to. the apprication is shown above and the relevant dates

AFitingReccipr(PTo.103n_w-ill9,-q*$forthcprescntapplicationinduccourse.THEDATE
AppEARrr{c oN rm nl'nrc REcE#-diffi;'ru"ild;;d;is tEluere oN wHlcrr

firE r,Asr or r*, ssu.s.c.371.o nsffift*rs- HKffiiN nncrrven rN TrrE oFFrcE'

rrrrs DArE rs $rowN ABovE. ft' r-tii a,, of the oo-r7uii6-r7-:ro:*:: is the intematiorut

fiting tute ol*e tuirniona aeeltcatiol ffiaJtsl 4.35."U3'C"ii1l" 
bntt the Filing Receipt tus

bccn receivcd, send all corrcspondencc,o ,[t Ctoop jfh Unit designatcd thereon'

3. n A rcqucst for lmmediate examination under 35 U'S'C' 3?1(f) was received on

*ah""ppficatton will be examined in yrn'

ing items havc been received:

.'gasil NationalrFce.

;ternational aPPlication in:

non-English lutguage.

English.
oi-irn in*tn tional application 1nt9 

E-nglish'

* it f.t tion of inventors(s1 for DO/EO/US'

3:|v"iq",fi lil:'ir.H"Tfiffi:'b'i'il1fi;;;*':::13"nT*::.intoBngrish'fiffiffffi;G.H tr "t trg"i::l :::Ti:'11'lhe rqr''cte r:t iuue'.s..rer'- 
"'; itid; in Engtish and its Annexes' if gy'

ETI*iliHi?$i!5ffi ffiiii:f:y-";,.ffi,i;";"il;;Bnerisn
ilr-A*;; fl trave .F-ltYt not been entered'

>reliminary amendmentls) nleo ' :-t \ and

document.

Powir of Attorney utd/or Change of Address'

Substitute sPecification filed

Verified Statement Claiming Small Entity Status'

H;t1lr:p:Xrionar Seuch xevo2ffidcopies of the references cited therein'

Other:

Appricant is reminded that a1y communication to the uniiea_states patent and rrademark otfice must be

#ffi ;;;,;;fi {s;;;;lxtrrch;aaingiliffiil,r'i-u;-s;pi$m:9x.3:ff Y's)

FORM PCT/DO/EO/903 (September 1996)

PCTlr'R96 /OOt97

*.r,:,-.'u*i*
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Applica(iori

No.

Itled

..,.'...:!,..].:.:l.':,l.::-"ji.::::'..:]ii':.:!'::l!*r.\*#a@

. | -. r-. : r --. j_..-.... t>.

Loternatiooal Appl

20 mooths 30 oootbs
..TNIER?qATTONAI- APPLICATION PAP*, A

E'ffiXT''*TIifili;,RE;.RD' a;;.''' 
E 1a:1 rorm pc'Ro, r0rLJ fnicle 19 amendments rJ r\q{usJr' rurrrl rLlrKu/lol

Wim',ti, ffinvnt
ffin1;:f:B rpER (pcr/rpEA/4,6 on rronii EfrJlfl.1ilfH:l::*.
ffeno.ity documenr(s) No. I LJ other
LJ INTERNATIOTa r n ooTFE
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Hidekazu Murata et al., Performance of Adaptive Equalizer Using Iterative Application of Vitefti Alqorithm.
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INTERNATIONAL. SEARCH REPORT F; ar Appi,caron No

I pcrlrn s6/osLs7
A. CLASSIFICATION OF SUBJECT MATTER
IPC 6 H04125/03

Accortling !o lntcmationd Patcnt Or*ilication (lPO or to both.nadonil classification and tPC

B. FIELDS SEARCHED

Minimun doqrm€ntroon scarchcd (classificalon $yst.m' follorcd b{ dassification symbols)

IPC 6 HO4L HO3M

Documcntaoon searchcd othcr than mrnimum docurienqtiot!-to thc crdcnt that,such docurncnB arc.includcd in thc fields scarchcd

Elestonic daa brsc connrltrd during thc int rnational sarch (narnc of data basc an4 whcrc pracucal, s€erch trnra uscd)

C, DOCUMENTS CONSIDERED TO BE RELEVANT

Catcgory' Citation of documqrt, vr|h indication; whd apFbpriat ,.of thc rcl.vant pa.ssigc$ Rcl€v8nt to claim No.

A EP,A,o 511 141 (FRANCE TELECoM /
TELEDIFFUSI0N DE FRANCE) 28 0ctober 1992
ci ted i n the appl i cat'i'on
see abstract
see page 4, line 21 - page 5', line 41;
claims; figures 3,4 :

1-9

I 
rottrto documcnts an list d in thc coninuaton of box c. fl 

n",n family mcrnbcrs at€ list d in anncx.

' Spccial catcgonei of cit€d doctmtcnB:

'A' docunrcnt dcfining lhc genctel st8t. of thc art wtuch ii not
consdcrcd !o bc of parocular relcvance

'E' carlier documcnt but publishcd on or after the intcrnstionsl
trling datc

'L' documcnt which may throw doubtr on priority clairn(i) or
whidr is citcd to establish thc publicaton datc of ar|othcr
qtation or othcr spccial rcasori 1as spccificd)

"O: documcnt rcfsring to an ord discloaure, usc, cxhibitioo or
'eolhcf mcans

'P' documcnt publishcd prior to thc int rnatonal filing detr but
latar lhan ihc pnonty datc claimcd

-f laEr documcnt lublishcd aftcr thc rntcmaoond liling datc
or Dnonw aaa ana not in conllict w|th thc appltcauon but
crda to uirOcrstand thc principlc or th€ory undcrllng thc
anvcntion

'X' documcnt of particutar rtlevancq thc clamcd lnvcntion
ctnnot bc coisidcred novel or cannot bc cotrsdercd to
involrre an invcmvc stcp whcn thc docuncnt is takcn alonc

'Y' documcnt of oarticular rtlcvatrcq thc clarmcd invcnoon
cantrot b€ coirsidcrcd to tnvolrrc an invcntive slcp whcn thc
docuincnt is combined wrth onc.or tnorc othcr such docu'
mcnts, such combination bcing obvious to a pcnon skillcd
in the an"

'&' documcnt mcrnbcr of thc samc patcnt farilly

Datc of Orc actual cornplcoon of the intcrnational scarch

24 Apri I 1996

Datc of mailing of lhc intcmationd scaf,ch rcport

2 9. 05. 96

Namc and msrling addrBs of thc tSA
Europcan Pat nt Oflicc, P.8. sElE Pat€ntlaan 2
NL - 22t0 HV Riiswijk
Tcl. ( + 31.?0) 340.2040, Tx. 31 651 cpo nt,
FaE(+31.?0)340.3016

Authonzcd offiqcr

Gries, T

Fom PCT,{SAJ2I0 (r@nd shet) (July 1992)

page 1 of 3
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INTERNATIONAL SEARCH REPORT lntcrn il Application No

PCT/FR 96/00t97
C.(Continuation) DOCUMENTS CONSTDERED TO BE RELEVANT

Cat€gory' Citatqt of docuncnt, tnth indrcaton, whcrc apprcpnata, of thc rtlcvant pasagc5 Rclcvant !o clarm No.

A

A

A

ICC !'93 )GENEVA.. I EEE. INI"ERNATIONAL
CONFERENCE ON COMMUNICATIONS '93.
TECHNICAT PRoGRAM, CoNFERENCE RECoRD (CAT.
N0.93CH3261-5), PR0CEEDINGS 0F ICC '93 -
IEEE INTERNATIONAL CONFERENCE ON

COI4MUNICATIONS, GENEVA, SI,IITZERLAND, 23-26
t'lAY,1993,' ISBN 0-7803-0950-2, 1993, NEtd

Y0RK, NY, USA, IEEE, USA,
pages 1064-1070 vol.237,. XP000371240
BERR0U C ET AL: llNear Shannon lim'it
error-correcting coding and decod'ing:
Turbo-codes. L"
cited in the application
see figures 38,4A,48_--

ELECTRONICS AND COM]'|UNICATIONS IN JAPAN,
PART 1(C0MMUI'|ICATIoNS), APRIL 1994, USA,
vol. 77, no. 4, ISSN 8756-662L,
pages 103-110, XP000445333
MURATA H ET AL: "Performance of adaptive
equal 'i zer usi ng i terati ve app'l i cat'ion of
Viterbj algorithm"
see page 103, right-hand column, paragraph
5 - page 105, 'left-hand coluinn, paragraph
2; figure L

PHILIPS JOURNAL OF niiinncH , !g87,
NETHERLANDS,
vol. 42, no. 4, ISSN 0165-5817,
pages 399-428, XP000565157
BERGMANS J l'l M ET AL: "0n the use of
deci sion feedback for: sirnpl ifying the
Viterbi detector"
see page 401., paragraph
see page 406, paragraph
paragraph 2; figures 3,4
.see page 411,,paragraph
see page 426, paragraph
ParaEraPh 2 . ',-_-

2
1 - page 409,

3
5 - page 427,

1-9

1-9

1-9

Fom PCT,lSAr2t0 (ooriaurrion of t@nrt rhaq (Juty 1992)

page 2 of 3
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RAPPORT DE RECHERCIIE INTERNAT IONALE 
I 
o.t". nkmston le lio

I PCT/FR e6100r97
4. CLATSEMENT DE L'OBJET DE LA DEMANDE
ctB 6 H04125/03 ,

Scton la clusificaoon int mationalc des br€rcts (CIB) ou i la fois scton h classification natonste ct la CIB

B. DOMAINES SUR LESQUELS LA RECT{ERCHE A PORTE

Documcntation minirnelc consultac (systtmc dc classification nrivi dcs iyrnbolcs dc classcmatt)

CIB 6 HO4L HO3M

Documcntaoon consultae autrc quc la documcnblon minimalc dans la mcslrc o[ ccs docwncnts Elavent dcs domarncs 3ur l6qucls a portt la rcchcrche

Basc dc donnies tlcctsomquc consultrc au oouns de la rrchcrthc int mationatc (nom dc la basc dc dorurics, ct $ ccla cst rcalisablc, tcrrnG dc rtchcrchc
utilisas)

C. DOCUMENTS CONSIDERES COMME PERTTNENTS

Cattgorie' Idcntifrcation dC3 documcnB citas, arrcq lc cas echaant, l'indicanon dcs passagcs pcninins no. des rcvcndications vrsad

A EP,A,o 511 141 (FRANCE TELECoM /
TELEDIFFUSI0N DE FRANCE) 28 0ctobr.e tr992
cit€ dans la demande:
voir abr6g€
voir page 4, ligne r21 -,page 5,,ligne 41;
revendications; figures, 3,4

1-9

[l 
Voir t" $rrc du cadrc C potr la lin dc la linc dcs documcns

E| 
L. documcnts dc fanutlcs dc br€vcts sont indiquar cn annexc

' Cattgoncs spccialcs dc documcnts citas:

'A' documcnt dafrnissant l'6tat gCntr'l dc la tcchniquc, ndl
conndarr cornrnc prrtculiarcmcnt pcroncnt

'E docurDcnt antcfilur, mais publit A la datc dc dCpotinbrnational
ou apras ccn data

'L' documcnt pouvant jetcr un doutc sur unc rcwtdtcaoofi dc
pnorit. oq citt pour datrrmrncr la daG dc publication d'unc
auEc cttaton ou pour unc ra$on spccielc (tcllc qu'indiqu€e)

'O' documcnt sc ilfaratlt i une dirnrlgation oralc, A un uagc, d
||nc cxpocition ou tous auols holGns

'P' docuncnt publia avdrt la datr dc dap6t incmstonrl, msis
. .poataricurcmcot i la d8tc dc pnoritd rcrcndlquac

'r document ulttncur Dublia aDtts la dat dc dapot tntcrnaoonal ou la
date dc prioriG ct i'appanincnant pas i l'ttia dc 18

tachniquc pcninent, mars 6ta pour compnendrc lc Pnnqpc
ou h thaodc constinrant la basc de l'rnvcnuon

docurncnt oarticuliarcmcnt pcrtincnq l'invcntion t€v€ridlquac nc pcut
€tre considartc commc noulrellc ou commc impliquant unc actvrta
inrrcntirrc par rtpport au documcnt consdart irolamcnt
docunrent particutitrtmcnt pcrtinctrg l'invcntion rcv€ndiquac
ne pcut etra conndarac commc impllquant unc actvlc Inrrcnlvc
lodquc le documcnt cst aEsocta i un ou plusicurr auc6 

_

docdments dc mamc nantrcr c€ttc combnason atant avldentc
pour une lEntonnc du mabcr r
document qui fait partic dc la mlmc famtllc dc brcvas

'x'

'&'
Datc A laquelle la rcchcrche intcrnaoonalc a ata cffcctivcmcnt ach€vae

24 Avri I 1996

Datc d'€)eadition du prascnt rapport dc rcchcrchc int matonalc

2 9. 05. 96

Nom ct adre$e postalc de I'administration chargec dc tr rrchcrchc intemstionalc
Oflicc Europirn dti Brrvctq p.B. SEIE patcntlaan 2
NL - 22E0 HV Riiswrrk' T€t. ( + 3l-70) 3.l0-20tt0' Tx. 31 651 cpo nl,
Far(+31-70)3.10.3016

Fonctionnarrc autons€

Gries, T

Fomul.iG PCT,'!SA'2|0 (dcuriim! fcuilh) (iuirfct t992)

page 1 de 3
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RAPPORf DE RECIIERCI& INTERNATIONALE Dema. lt mation lc No

PCT/FR 96/00197
C.(suitr) DOCUMENTS CONSIDERES COMME PERTINENTS

Catigonc' Idcntificalon dcs docuhcnts citas, avcg lc cas athaent, l'indicauoh dcs passagcs pcrtncnts no. dci rcvendications visacs

A

A

A

ICC'93 GENEVA. I.EEE .INTERNATIONAL
CONFERENCE ON COI4MUNICATIONS '93
TECHNICAL PR0GRAM, CoNFERENCE RECoRD (CAT.
N0.93CH3261-5), PR0CEEEINGS 0F ICC '93 -
IEEE INTERNATIONAL CONFERENCE ON

COMMUNICATIONS, GENEVA, SWITZERLAND, 23.26
MAY 1993, ISBN 0-7903-0950-2, 1993, NEt,l

YORK, NY, USA, IEEE, USA,
pages 1064-1070 vo1.237, XP000371240
BERR0U C ET AL: "Neaf Shannon limit
error-coffecting coding and decoding:
Turbo-codes. 1u
cit€ dans la demande
voir figures 38,4A,48 . l

ELECTRONICS AND CO}IMUNICATIONS IN JA,PAN,'
PART 1 (CotltMUNICATIoNS) ,' ApRI L'i994, USA,
vol.77, no. 4, ISSN 8756-662L,
pages 1.03-110, XP000445333
MURATA H ET AL: :'tPerfo,rmarc€ of , adaptive
equal i zer us j ng i terati ve app:l i cati on of
Viterbi algorithm"
voir page 103, colonne.de droite, alin€a 5
- page 105, co'lonne de gauche, alin€a 2;
figure 1

PHILIPS JOURNAL OF R;;;ARCH, !g87,
NETHERLANDS,
vol. 42, no. 4, ISSN 0165-581.7,
pages 399-428, XP000565157
BERGMANS J W M ET AL: "0n the use of
dec'i si on feedback for simpl i fyi ng the
Viterbi detector"
voir page 401, al'in6a 2
vo'ir page 406, alin€a 1 - page 409, alin6a
2; ftgures 3,4
vo'ir page 411., alin€a 3
voir page 426, afin€a 5 - page 427, alinda

- t --

1-9

1-9

1-9

Fo,muldrc PcTilsAi2lo {3uitc d. l. drudam a.uil|G) uuilct 1992)
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InEm rl APPlication No

PCT/FR 96/00197

EP-A-511141 28;10-92 iR-A- 267s97L 30-10-92
t';, uS-A- ',, 5446747 29-08-95

:iil

Fom PCT/|SN2!0 (prtot tmily mn.r) (July 1992)
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II\TTERNA SEARCH REPORT lnr.tn d Appliceuon No

PCT/FR 96/00197]'',. i t.i

C.(Corrtinuation) DOCUMENTS CONSTDERED TO BE RELEVAM

Catcgory' Citrtion of documcng witr Rclc\rant to clatm No.

A

A

A

A

IEEE IN.I{OU.STON. G{.OBECOI4 '93. IEEE GLOBAL
TELECO}4I4UNICATIONS CONFERENCE, INCLUDING A
COMMUNICATIONS THEORV MINI-CONFERENCE.
TECHNICAL PR0GRAM'CoNFERENCE RECoRD (CAT.
N0.93CH3250-8), PR0CEEDINGS 0F GL0BEC0M.93. I EEE,.GIOBAL TEI.ECOMMUNI CATIONS
C0NFERE, ISBN 0-7803;0917-0, 1993, NEl,l
YoRK, ,NY, I'USA, IEEE; USA,
pages 98-102 vol.1, XP000428037
JIANJUN l'lU ET AL:r lA channel mode] and a
novel .'adapt'ive equal i zei for mobi 'le radi o
cofimuni cati onsr!
see abstract
see pn9€,98, left:hand column, paragraph 3
- right'hand column! paragraph 1
see pager100, right-hand column, line 1 -
page J.01 ; 'l ef t-hand col urm, I 'ine 18;
figure 2

l'l0'A,91 06165 (M0T0R0LA INC.) 2 May 1991
see abstract
see page 3, line 18 - line 28; claims;
fi gure

VEHICULAR TECHNOLOGV-;OCTETY 42ND VTS
CONFERENCE. FRONTIERS OF TECHNOLOGY. FROM
PIoNEERS T0 THE 21ST CENTURV (CAT.
N0.92CH3159-1.), DENVER; C0, USA, 10-13 MAY
L992, ISBN 0-7803-0673-2, L992, NEt,'t yoRK,
NY, USA, IEEE, USA,
pages 577-585 vol.2, XP000339855
JUNG P ET AL: "VLSI irnplementation of
soft outBut Viterbj equaljzers for mobile
radio appf ications"
ci ted i n the appl'icati on
see page 578, left-hand colurm, paragraph
3
see page 577, right-hand column, paragraph
?

Ep,A,0 sz4 5s7 (ALcA;;i RADToTELEpHoNE) 27
January 1993
see abstract
see page 6, line 8 - page 7, line 19

1-9

1-9

1-9

1-9

Fom PCT,4SAJ2I0 (onriauarion of i.ond rhar) (Juty t992)

page 3 of 3
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RAPPORT DE RECHERCHE INTERNATIONALE Dcma ntcnaoondc No

PCT/FR 96,/AA!97

C.(surc) DocU M ENls CONSIDERES co M ME. PERTINENTS

Citrgorie' ldcnulication dcs d6umcnB citas, 8wC,.lc cas achaanq l'indication des pi|ssagcs pcrtncilr no. dcs r€rcndrcauons vlsc6

A

A

A

A

IEEE IN.HOUSTON. GLOBECOI,| '93. IEEE GLOBAL
TELECOMMUNICATIONS CONFERENCE, INCLUDING A
COMMUIIIICATIONS THEORV 1'.|INI -CONFERENCE.

'TECHNICAIl PR0GRAM.',CONFERENCE RECORD (CAT.
N0.93CH3250-8), PR0CEEDINcS 0F GLoBEC0M.93. I.EEE GLOBAL TE'LECOMMUNICATIONS
C0NFERE, ISBN 0-7803-0917-0, 1993, NEhl

YORK, NY, USA, I EEE, .USA,
pages 98-102 vol.1, XP000428037
JIANJUN [.lU ET AL:, 'nA channe'l rnode'l and a
novel adaptive equali,zer for rnobile radio
co[munications"
voiir abr'6gd ,,'r,

voir page 98, co'lonne de gauche, alinEa 3
- colonne de droite,..alin6a I
voir page 100, col'onne de droite, ligne 1
- page '1.01, colonne de gauche, ligne 1.8;
f i gure

110,A,91 06165 (M0T0R0LA INC..) 2 Mai 1991
voir abr6g€
voir page 3, ligne 18.- ligne 28;
revendi cationst fi gr::-

VEHICULAR TECHNOLOGY SOCIETY 42ND VTS
CONFERENCE. FRONTIERS OF TECHNOLOGY. FROI4

PIoNEERS T0 THE 21ST CENTURY (CAT.
N0.92CH3159-1), DENVER, C0, USA, 10-13 MAy
1992, ISBN 0-7803-0673-2, t992, NEl^l yoRK, '

NY, USA, IEEE, USA,
pages 577-585 vol.2, XP000339855
JUNG P ET AL: "VLSI irnplementation of
soft output Viterbj equilizers for mobile
radio appl ications"
cit€ dans la demande
voir page 578, colonne de gauche, alin€a 3
voir page 577, colonne de droite, alin€a 2

EP,A,o 524 597 (ALCATEL RADI0TELEPH0NE) 27
Janvier 1993
voi r abr6g6
voir page 6,'ligne 8 - page 7, ligne 19

1-9

1-9

1-9

1-9

Fomulric PCTllSAr2l0 (iuitr dG lr dcuriima fcuilt.) (iuitlct l92t

page 3 de 3
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Rcnreigncncnr rchtifi rux tncmbrG de fenrillG de brrvGts
Dcinar ltarnationelcNo

PCT/FR 96lA0]-97

Document brerer cit!
au rapporl de reiherche

Date de
publicitirin

Membre(s) de la
faniille de brevet{s)

Date de
publication

EP-A-s11141 28-L0-9? FR-A-
r,,s-A-

267597L
54467 47

30-10-92
29-08-95

t.lo-A-9106165 02.05-91 US.A-
AU.B-
AU-8.
cA-A, C

CN-A-
EP-A-
JP.T. ;

TR-A-
US-A.

5?7L042
637166

6729+90
2066270
1050958
0495006
55A4872

?6468
s144644

14-12-93
20-05-93
16-05-91
14-04-91
24-44-9I
2?-07 -92
22-07-93
15-03-95
01-09-92

EP-A-524597 27 -0r-93 FR-A-
AU.B.
AU.B.
CA-A-
JP.A.
NZ-A-
US.A.

267972L
65L472

L952392
2074277
5199143

243590
5331662

29-01-93
2L-07 -94
28-01-93
23.01:93
06-08-93
28-08-95
19-07-94

Fomul.ir PCT.4SA,2I0 (mnGn f.mill6 d! bRcts) 0uilbt t992)
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ATES PATENT AND TRADEMARK OFFICE

Catherine Douillard et al.

08t894,207

Iuly 29, L997

DEVICE FOR THE RECEPTION OF

DIGITAL SIGNALS WITH ITERATTVE

STRUCTURE AND CORRESPONDING

MODULE AND METHOD

Docket No. F264.312-16

.UNDER 35 USC 371 IN THE UMTED STATES

DESIGNATED/ELECTED OFFICE (DO/EO/US)

Box Missing Pans

Assistant Commissioner for Patents

Washington, D.C. 2023t

In response to the Notification of Missing Requirements Under 35 U.S.C. 371in'

the United States Designated/Elected Offrce (DO/EO/US) dated 
"**i*, 

Applicant

encloses-the following documents to complete the above-identifiedpatent application filed luly "q,

Our checks in tbe amount of $40.00 to cover the Assignment recording fee;

and $130.00 for Missing Requiremetrts surcharge.

Declaration executed by the inventor(s).

Power of Anorney.

Executed Assignment of the invention to France Telecom and Telediffrtsion

de France, and Recordation Fonn Cover Sheet.

Certificate Under 37 CFR $ 3.730) and attached copy of Assignment.

Applicant

Serial No.

Filed

For

RESPONSE TO NOTIFICATION OF MISSING REQUIREMENTS

1.

2.

3.

4.

5.
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6. Notification of Missing Requirements Under 35 U.S.C. 371in the United

States Designated/Elected Offrce (DO/EO/US)

The Commissioner is authorized to c!4rge payment of any additional fees associated

with this paper or credit any overpayment to Deposit Account No. 11-0982. A duplicate copy of

this sheet is enclosed

RespectfullY submitted,

KINNEY & LANGE, P.A.

By:
Je Reg. No. 37,235

Suite
625 Avenue South

Minneapolis, MN 55415-1659
Phone: (612)339-1863 Fax: (612) 339-6580

JDS:atp
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LrST QFPATENTS AI'ID PITBLICATIONS FOR

APPLICANT'S INFORMATION
DISCLOSTJRE STAIIEMENT

U.S. PATENTDOCI'MENTS

FOREIGN PATENT DOCTJMENTS

Docurnent No. . Date Country Class

Sub
Class

Translation
Yes No

Y AI 0 5ll l4l Al t0t28192 European x

? AJ wo 91106165 slugr PCT

7b AK 0524597 Al u27193
x

OTIIER ART (Including Author, Title, Date, Pertinent Pages, Etc')

claude Berrou, et al.,-Iee2Siglwg IEEE International conference on communications '93, Technical Program

Coftreni" necor( Vot. Zg, lvtay-ZizO tggl, Geneva, Switzertan4 pp.t06S-tOZO. 
,

Hidekazu Murata et al.,
Electronics and Communications t@
J.W.M. Bergmans et al., On the Use of Decision Feedback for Simpli8ting tlrc Vitefti Detector. Philips Journal of

Vol.42. No.4. 1987, pp.428-399.

IEEE in
JianjUn Wq et Al., A Channel Model and A NOVeI AOapUVe tlqualrzEr ror rYreuun ^auru 

u'uuruuvq""'*
Houston,Globecom'g3,IEEGlobatferccommffiGGConferene,NovCmber2g-Decernbet2,l993,Vol' 

lof4'

Peter Jung,
Technologt Society Ut 2,lvby l0-ll 1992' Denver Colorado'

urer'mleR -1 fu'. I ,, ,=lptmcoNs=DP:
don is in conformance with MPEF 609;

1994. pp. 103-llq

. in conformance and not considered. Include copy of this form with next communication to applicant
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Please find below and/or attached an'Office communication concerning this applicdtion or
proceeding.

Gommlegloner of Patents and Trademarks

!::r r;r ,t ::r':i',4 , ::;:: r: ? ll :3,/ rJ:] r',:r'.lt

UNITED STATES DF'".RTMENT OF COMMERCE
Patent and Trademq, o, Office
AddTess: COMMISSIONER OF PATENTS AND TRADEMARKS

t-::14;.'l ,, ll 1 :; * 1 *i

EXAMINER

rrur_,r_rr1l: r I

-t

7

PTO-g0C (Rsv. 2/95) l- Flle Copy
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Applicant(s)

Catherine Douillard et al.

Office Action Summary

X Responsive to communication(s) filed on Dec 3, 1997

n fnis action is FINAL.

n Since this ap.plication is in condition for allowance dxcept for formal matters, plosecution as to the merits is closed

in accordance with the practice underEx parrc Auayle, 1935 C.D. 11;453 O.G.213.

A shortened statutory period for response to this action is set to expire three month(s), or thirty days, whichever

is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the

application to become abandoned. (35 U.S.C. E 133). Extensions of time may be obtained under the provisions of

37 CFR t .136(a).

Disposition of Claims

X ctaim(s) /-9 is/are pending in the application.

Of the above, claim(sl

X ctaim(s) I
is/are withdrawn from consideration.

X Ctaim(s) l, 2, and I
is/are allowed.

is/are rejected.

is/are objected to.X ctaim{s) 3-7

nC|aimaresubjecttorestrictionore|ectionrequirement.
Application Papers

X See the attached Notice of Draftsperson's Patent Drawing Review, PTO-948.

LJ The drawing{s) filed on is/are objected to by the Examiner.

n tne proposed drawing correction, filed on is flpproved Disapproved.

U The specification is objected to by the Examiner.

I tne oath or declaration is objected to by the Examiner.

Priority undet 35 U.S.C. S 119

X Acknowtedgement is made of a claim for f oreign priority under 35 U. S. C. 5 1 1 9(al-(d).

X ntt n Some* !None of the CERTIFIED copies of the priority documents have been

X received.

. n received in Application No. (series Code/Serial Number)

n receivedin this nationalstage application from the International Bureau (PCT Rule "l7.2lall.
*Certified copies not received:

Ll Acknowledgement is made of a claim for domestic priority under 35 U.S.C, I 1 19(e).

Attachment(s)

K Notice of References Cited, PTO"892

n Information Disclosure Statement(sl, PTO-1449, Paper No(s).

I Interview Summary, PTO-413

X Notice of Draftsperson's Patent Drawing Review, PTO-948
' n Notice of tnibrmal Patent Application, PTO-152

--- SEf OFFICE ACTION ON THE FOLLOWING PAGES ---

U. S. Patcnt and Tradcmark Officc

PTO-326 (Rev. 9-951 Office Actlon Summary Part of Paper No.
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Serial Number: 087 1894,207

ArtUnx:2731

Page2

DETAILED ACTION

Priority

Receipt is acknowledged of papers submitted under 35 U.S.C. I l9(a)-(d), which papers

have been placed ofrecord in the file.

Drmings

2. Figure 1 should be designated by.a legend such as -Prior Art-- because only that which is

old is illustrated. See MPEP $ 608.02(9)

Note that, figure I has been disclosed in page 11, lines 28-30 as "illustrating a standard

transmission line that can be incorporated into the reception device according to the invention."

' Specification

3. The abstract of the disclosure is objected to because the abstract of the disclosure should

be one paragraph, and the Correction is required. See

MPEP $ 608.01(b).

4. This application is informal in the arrangement of the specification.
guidelines illustrate the preferred layout and content for patent applications.
suggested for the applicant's use.

The following
.These guidelines are

Arrangement of the Specification
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Serial Number: 087 I 894,207

ArtUmt:2731

Page 3

The following order or arrangement is preferred in framing the specification and, excep!

for the reference to "Microfiche Appendix" and the drawings, each of the lettered items should

appear in upper case, without underlining or bold type, as section headings. If no text follows the

section heading, the phrase "Not Applicable' should follow the section heading:

(a) Title ofthe Invention.
(b) Cross-ReferencestoRelatedApplications.
@ Statement Regarding Federally Sponsored Researoh or Development.
(d) Reference to a "Mcrofiche Appendix" (see 37 CFR 1.96).
(e) Background of the Invention:

1.. Field of the Invention.
2. Description of the Related Ait including information disclosed under 37

CFR 1.97 and 1.98. .(0 Brief Summary ofthe Inveniion.
(g) Brief Description of the Several Views of the Drawing(s).
(h) Detailed Description ofthe Invention.
(I) Claim or Claims (commericing on a separate sheet).

O Abstract of the Disclosure (commencing on a separate sheet).
(k) Drawings.

0) Sequence Listing (see 37 CFR 1.821-1.825).

Claim Rejections - 35 USC S 112
5. The following is a quotation of the second paragraph of 35 U.S.C. ll2:

The specification shall conclude with one or more claims particularly pointing out and
distinctly claiming the subject matter which the applicant regards as his invention.

6. Claims I and2 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite for

failing to particularly point out and distinctly claim the subject matter which applicant regards as

the invention.

Claims I and2: It has been claimed in claim I that the "the means for correcfion of each

modules \,, except for the first rnodule Mr, taking account of at least one item of correction

information Zi determned by the previous module M-r," reads as if the correction information is

141



Serial Number: 087 /894,207

arturut 2731

Page 4

supplied to the rest of the modules except to the first one. While in claim 2 which depends on

ctaim 1, it has been claimed as if all the modules are receMng a correction informationZr, which

is confusing . See the claimed "each.module lvl,has two inputs, one symbol input Ri and one

correction inpvt Zr." Applicant should refer to figures 6 and 7 and the disclosute in page 7 .

Claim Reiections - 35 USC S 102

7 . The following is a quotation of the appropriate paragraphs of 35 U.S.C . 102 thatform the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(e) the invention was described in a patent granted on an application for patent by another filed in the United

States before the invention thereof by the uppti"*t fot put ot, ot ott an intemational application by another who

has fulfilled the requirements of paragraphs (t), (Z), and (4) of section 371@ of this title before the invention

thereofby the applicant for patent.

8. Claim 8 is rejected under 35 U.S.C. 102(e) as being anticipated by Bremer et al. (US

patent No. 5,537,441).

Bremer et al. (Bremer hereinafter) teaches a receiver (see figs.11-13) for receiving a

digitally modulated signals comprising: an adaptive filter (280) for receiving the received

demodulated signal and minimizingthelntersymbol Interference (ISI) associated with the

' ,eceived symbols and generating an estimate of the received signals; slicer for detecting symbols

from the estimated signal by the adaptive filter; and control signal generator (260,250 and295)
.t

for generating a control signal to oontrol the adaptive filter (280) in response to both outputs from

,. the slicer (220) the adaptive equalizer (280) as in claim 8.

{
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Serial Number: 087 1894,207

AstUmt:2731

Page 5

9. Claim 8 is rejected under 35 U.S.C. 102(e) as being anticipated by Lester et al (US

patent No. 5,353,307).

Lester et al ( Lester hereinafter) teaches a receiver (see fig 5b) for receiving a digitally

modulated signals comprising: an adaptive filter (5a) for receiving the received demodulated

signal and minimizing the Intersymbol Interference (ISI) associated with the received symbols and

generating an estimate of the received signals; slicer for detecting symbols from the estimated

signal by the adaptive filter; and control signal generator (60,56 and 56) for generating a control

signal to control the adaptive filter (5a) in response to both outputs from the Viterbi decoder (58)

the adaptive equalizer (5a) as in claim 8.

Allowable S ubj ect Matter

10. Claims 3-7 areobjected to as being dependent upon a rejected base claim, but would be

allowable if rewritten in independent form including all ofthe limitations ofthe base claim and any

intervening claims.

11. Claim2wouldbeallowableifrewrittentoovercometherejection(s)under35U.S.C. 112,

2"d paragraph, set forth in this Office action and to include all of the limitations of the base claim

and any intervening claims.

12. Claim I would be allowable if rewritten or amended to overcome the rejection(s) under 35

U.S.C. ll2,2"d paragraph, set forth in this Office action.
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Serial Number: 087 I 894,207

ArtUmt:2731

Page 6

13. Claim 8 allowed.

Conclusion

14. The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure.

US patent numbers 5,513,216;5,537,436;5,684,834 and 5,719,923 issued to Gadot et al',

Bottoms et al., Betts et al. and Bremer et al., respectively disclose a receiver having means for

removing Intersymbol Interference and decoder.

US patent number 5,446,747 issued to Berrou disclose a receiver having a cascaded

Any inquiry concerning this communication should be directed to T.Bocure at telephone

number (703) 305-4735.
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U.S. DEPARIMENT OF COMMERCE-Patent and Trademark Office

NOTICE OF"DRATTPERSON'S
PATENT U.+$Sill{G,, FpYIEw

o***^^*,@ fflq+,Q?

The drawing filied (insert date)

tt. o/ notobi&tedr6 bt$b &{fti'etsil rrdnw sz'bffi r;84or{.152. :1 r: :_ i :;:..,

B. oujecteittoli!ihdbniftblh6iitinderl'T.einli&torLl52.asiiilicattd';totb*. TrdExaininer,willrequile:submissionofnew,cornected
drawings whe necessary. Corrccted drtr.ungq|4's! b9.gub.p"u,tt$.gqpgtChC:.I9.th9;inqql|9{.o$ ontlr baeho,.f tblg4origplr

ATTACHMENTTO PAPER

PTO COPY

L DMWINGS. 37 CFR 1.84(a):
yt i 1' r:r .1

or orawmgs:

Black ink. Color. l

- 

Color drawing are not acceptable untit petition is granted.

Fig.(s)

- 

Pencil and non black ink is not permitted.FigG)-
2. PHOToGMPHS. 37 CFR l.M(b)

- 

Photographs are not acceptable until ptition is granted,

- 

3 full-tone sets ue required. FigG)-

- 

Photographs not propedy mounted (must brystol board or

photographic doublg.Velghg.pSper). FigF).,rrl r,,,i{ii &,=;;rli'rl',.{

- 

Poor quailty (half+one). FigG)

3. TYPE OF PAPER. 37 CFR 1.84(e)

- 

Paper not flexible, strong, whlte and durable'

i i.: tFig.G)-:--+-,;,.: . - :.
-=- Erarypp, altera$oq9, qyglyn$ngp, interlinpations,

folds,'c6py machirie niiik; ndi t'ccepuble- (too ihln) .

' *rtO'uetiumffiisnotacceptable(t*tlrinl' :'

: it:- l: r; r" :
tsrg(s)

4. sun oF-p;;R ;7 CFR&*D: nccejtiuie' iirbs, 
t'i.

- 

2l.0 cm ui idr:z cni tfiri.l sire'A4) 
' - 

' 
" ri '*; :"

- 

21.6 cm by 27.9 cm (8 l/2 x ll inches)

- 

All drawings shees not fte same size.

,.r, irrrt'l$'Tl(9bl:t"n=*,.--.=. r:!: .r::,: r;ri-.:rr:ii.;.r ': iti ,

5.MARq$.St 37,C.F:R!8-4G):Acggpqablcpargrosi - r::,i

.rpp Z,S am .[€ft 2,5 q4 .&g-hJ I .! c.nr BotW,t $ 9q., ;

SZE: 44 Size'

' 'i ': i'r :;ibi 
2.5'cm r,eit'z.s cm fiarriisil B;nd r .6ti" .

SZE:81/2xll

i.' spctroNbffitrs; 5rrUrn't.d4(n)tD i'

Hatching not iiidicated for sectional portions of an object.

Fig.(s)-
' ' "- - 

SlCtibnar aiiignation should be noted with tuabic or

Roman numbers. Fig.(s)-
8. ARRANGEMENTOFVIEWS. 37 CFR 1.84(i)

-Words 

do not appear on a horizontal, left-to-right fashion when

page is eitlrer upright or tumed' so that the top becomes the riSht

side, excepr for graPhs. Fig.(s)-
ii"l"t".-{d-tMehs n6f orr'ff Siiire pldne:bn diawing sheet. Fig.(s)

9. SCALE. 3? CFR 1.84(k)

- 

Schle. not'laitie endugh to thow'mechansi{t with crovding

when drawing is reduced in size to two+hirds in reproduction.

Fig.(s)-
LQ'C"IIARA(C-IEB OF LINES, NUMBER$ & LETIERS'''3? CFR'1'84(l)

r. ' ',-+:..ltr ineg nWrtkts &lefe"rs got unifplmly,ithick and well defined,

:,j,:i, i :,.g1eqq:.duralleand,blagt$qor,linequqliU). ,r. ,. :, :,. .. ..

",r;,;, :,if 1 i.f-ie'(i[5.--.-=-,''i
.'l\sl"{$pliy0 J7 QrB,!,Ea(m};: rtr ;::,,,

-Solid 

black areas pale. Fig.(s)

-Solid 

black shading not permi:tted r.Frg,(s)!j,-L---::.-*r:;l r

-Shade 

lines, pale, rough and bluned. Fig.(s)

s!2NUMBERS, TETIER$;*:"RFFER,ENCE CT"IARAGTERS' .. ,i , ; , ',

,r,,r37.rC,EE 1.48(p) ':'r, . ;, ., ;t.1), l ,l'. . 
. 'r. .". !

rir,u, ir++*:Nilftlbe.r.s-Ed,1Bf9grcg,qlgactgrs not plai'q and fegible'

:,,1;::,;r:,",:-; J*{p- .. :. i :

Figurelegendsarepoor. Fig.(s)-------.', I

Numbers and reference characters not oriented in the same '

:r..i i'i'-.:ir,.. dtrection'as tbgvierv.'37ICFR:1.84(pX3$F,ig.G\'''

-Engligh 

alphabet not used. 37 CFR 1.8aOX3) Fig.($-
i ii *rl-g-:Num&rs;,lettbn arrd rdfeience charactirs must be at least

.32 cm (l/8 inch) in height. 37 CFR 1.8a(pX3) Fig.(s) ,
l:i* lt; LElsD' i:INESl i 3? CFR 1.84(q)

r:,.,'.rr'r,.i,.,:,iitCddtne$oiossiifb.hotheii,Fig.(s)---:r-:---:::-

'io "'l' lpadlinesmissing. Fig:G)-------:--'
14. NUMBERING OF SIIEETS OF DMWINGS. 3? CFR 1.48(t)

-sheets 

not numbered consecutively, and in Ababic numerals

beginning with number l. Fig.(s)-
1 5 . NUMBERING OF VIEWS . 37 CFR I . 84(u)

-Views 

not numbered consecutively, and in Abrabic numerals,

beginning with number 1. Fig'(s)-:--
16. CORREC"IONS. 3? CFR 1.84(w)

-Corrections 

not made from PTO-948 dated

I?.DESIGN DRAWINGS. 37 CFR 1.152

- 

Surface shading shown not appropriate. Fig.(s)-
Solid black shading not used for colot contrast,

Fig'G)- I

ii

- 

Margins noJ gccePtable. Eig(s)
' ' fob (r) ' I*riir,i;'-

I'iSlI*\==;',|$neg 
lB, l

6. VTEWS. CFR 1.84(h)

REMINDER: Specifi.c_ador may requirc revision to

coirespondtodrawin$Changes.' .:. r' r" :" '.1. '.
' :' ::'"'',ffi{.boirirac6o'bytlbjeciionilirids oi,tbttl'lifies.:"

Fig.G)----r*- -' r:i

Partial views. 37 CFR 1.84(h)(2)

-Brackets 

needed to show figure as one entity.

Fig.(s)-

- 

Views not labeled separately or properly.

Fig.(s)-
Enlarged view not labeled separately or properly.

Fig.(s)-

:rd I

ll

COMMEN'TS

REVrj\YER&ffiZ, D^18 TELEPHoNE No.7@€ds 4A{ .
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\-s..s"t{,S

;.,r! t :' .::.: ...

2. Timing of CorrectioilS' .,l I :ii''. ' :";r-; :": -ir

, t'. l.::,.. i,'r ili;l:,,:":l -:;1:':, :;,il rr.,..iir'-. .." .-'

as soon as possible.
. .., 

.... I I ;.:;,rirj. .:::.t.:i r./:..,r1

Failure to take corrective action within se1,(er'extended) period will result in ABAI\IDOI\MXI'IT of the Application'

. ..::r t r - t;] .:. 1:-, .' .. r,,.. tr, 1 , ll llilr , t::t:i i. :

3. Copoctions.other,than Informalities,,Nsted by the Drawing Review Branch on the Form PTO 948

..i ' : ;: ,: .i:irr'.- I 
' 1':r,l '':. i_,1ji.1r,.,..i,.,:. ,. i:. .- ..

All changes to the drawings, otherthan inforrnaliues noted by the Drawing Review Branch, MUST be approved by

the examiner bcfoqe the*ppplieation.xill:,be.a.1.lgw.ed-,.No changes will be pennitted,to be made, pther than.conection

of informalitieg, unlgqq;the iei.13fiiinex.ha$::app Vgd Sr9 proposed changes.

.,i.t....,. r.rrirr1ii-. .. :,' .,i ...; ..'id.'l

:, ..r.; tl:j

t.t

:j:i,",

r'.ii'l rifli;t.,ji,;
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ir3-+--
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li'a;
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;i,":l

Applicant is,,iequired to sribmit ricceptabte comeotedidfawings within the three-month shortened statutory period set

in the Notice of Allowability (proi-37). .If d;otbction is ierermined to be iiftceptable by the office, applicant

;"rt "t*te to rravb-,aeceptauiebonectiontesribmitted within the origihh thrOe:month period to avoid'the necessity

of obtaining as extension of tirne *a puyietir 
"*t"nrion 

fee. TherJfore, applicant should file conected drawings
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5,446,747
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5,719,923
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-ffiI UNITED STATES I, ,DARTMENT OF COMMERCE

Patent and T,rademark Oflice
AddrOgS: COMMISSIONER. OF PATENTS AND TRADEMARKS

r Washlngton, D.C' 20231

APPLICATION NO. I FILING DATE FIRSTNAMED INI/ENTOR ATTORNEY DOCKETNO.

fJ:!i,/fil':,J4 
" 
:*7 J.f /fiti/s'7 f'fiU I LLARI:'

r-t'tir;:r*an*

F:d'4. :31';:* I {'

EXAMINEFr
ITINNHY flr LAhltftll" P"4,,
"THfi },lINNEY &r LANI}H TILJTLI}If{ft
31:: $fit-tTt-'t TfiIRI:' S'TREHT'
Fl l: NNf:rFl}'r$L I fi l4N $5d. I $ " I * 

'l 
;

-l
Bilr:1._lftE:, T'

I mrurur I PAPER NUMBER I

:173r I
DATE MAILED:

*'Xl il'J/$'?

Please find below and/or attached,an,Office communication concerning this application or
proceeding.

Commlssloner of Patente and Tiademarke

PTO.goC (Rov. 2/95) 1- File Copy
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fEk'1\;5/
UNITED STATES DEP,JMENT OF COMMERCE

Patent and Trademark Office
d

Addre$: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington' D.C.20231

LFlfi3/ 
'14*',F

H:INhtEY *r LANrliE,, F"A"
THE F:'INNEY & LANIIE $LlILf'INr3
31;: $I:IU'T'H THIRT} *iTREHT
MINNHAFI]LIS IYIN S541.S- 1Ufif

EXAMINER

ARir;;- | ,or.* tu"tt^
il4/n'e#a'?

DATE MAILED:

please find below a communication from the EXAMINER in charge of this

application.

Commissioner of Patents

In response to appficant's telephone inquiry regarding "the last office action mailed on

March 23", the following action has been taken:

TI{E PERIOD FORRESPONSE OF 3(TI{REE) MONTHS SET IN SAID OFFICE

ACTION CONTINUE TO RUN FROM TIIE DATE OF TTIE LAST OFFICE ACTION

WAS MAILED.

Z. A corrected copy of the last office action (art rejection to-claim 8 to read as -claim 9-
-) is enclosed with this correspondence.

,inn rhic r:nmmrrnicnl unications from theAny inquiry cbneerning this communication or earlier commr4.
examiner rlfro"ia U! direoted to T.Bocure whose telephone number is (703) 305-4735.
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Serial Number: 087 1894,707

Art Unit: 2731

Page2

DETAILED ACTION
n-

hiorig

1.

.,/
Receipt is acknowledged of paperp submitted under 35 U'S'C' 119(a)-(d)' which papers 

'/
have been placed of record in the file'

Draoings

Z. Figuie 1 should be designated by a le$end such as --Prior Art.. bec'ause onlV that which is

old is illustrated. See I@EP $ 603'02(9)

Note that, figure t has been disclosed in page 11, lines 28-30 ag"illustrating a standard

transmission line that can be incorpolalsd inf6 the reception device according to the invention'"

I sPecification

3. The abstnagt of the disclosure is objected to because the abstract of the disclosure should

be one paragraph, and the title to the abs:tract should h deleteil. Correction is required' See

MPEP $ 6o8.ol(b)

4. This application is informal in the arrangement of the specification. Tlt following

guidelines illustrate the preferred layout and co]ntent for pateni applications. These guidelines are

suggested for the applicant's use'

PA)

Arrangement of the SPecification
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The following order or atrangement is preferred in framing the specification and, except

for the reference to "Merofiche Appendix" and the drawings, each of the lettered items should

appear in upper case, without underlining or bold q/pe, as section headings. If no text follows the

section heading, the phrase "Not Applicable""should follow the section heading:

(a) Title ofthe Invention.

O) Cross-References to Related Applications.
@ Statement Regarding Federally Sponsored Research or Development.
(d) Reference to a "Microfic,he Appendix" (see 37 CFR 1.96).
(e) Background of the Invention.

1. Field of the Invention.
2. Description of the Related Art including information disclosedgndet 37
' CFR 1.97 and 1.98.

Brief Summary of the Invention.
BriefDescription ofthe Several Views ofthe Drawing(s).
Detailed Description of the Invention.
Claim or Claims (commencing on a separate sheet).

Abstract ofthe Disclosure (commencing on a separate sheet).

Drawings.
Sequence Listing (see 37 CFR 1.821-1.825).

Claim Rejections - 35 USC S 112
The following is a quotation of the second paragraph of 35 U.S.C. ll2:

The specificatio:r shall conclude with one or more claims partioularly pointing out and
'distinotly olaiming the subject matter which the applioant regands as his invention.

6. Claims I and2 are rejected under 35 U.S.C. 1tr2, second paragraph, as being indefinite for

failing to particularly point out and distinctly claim the subject matter which applicant regards as

the invention.

Claims 1 and2: It has been claimed in claim 1 that the "the means for correction of each

modules N\, ucEtfor the first module Mr, taking account of at least one item of correction
i

(D
(g)
(h)
(D

c)
(k)

0)

5.

are

information Zi determined by the'previous module M-r," reads as if the correction information is
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supplled to the rest of the modules except to the first one. While in claim 2 which depends on

claim l, it has been claimed as if all the modules are receiving a correction inform ation Z, which

is confusing . See the claimed *qeh.module 
lrd,has two inputs, one symbol input Ri and one

correction inpttZi," Applicant should refer to figures 6 and 7 andthe disclosureinpageT .

Claim Rejections - 35 USC S 102

7 . - The following is a quotation of the appropriate paragraphs of 35 U.S.C . 102 thatform the

basis for the rejections under this section mide in this Office action:

A person shall be entitled to a nalent unlels -
(e) the invention was desoribedin a pate,nt granted on an applioatiom for patent by another filed in ttre United
States before the inventionihereof by the applicant for patenl or on an intemational application by another who

has fulfilled the requireme,nts of paragraphs (l), (2), and (4) of seotion 371@ bf this title before the invention

thereofby the applicant for patent.

8. Claim 9 is rejected under 35 U.S.C. 102(e) as being anticipated by Bremer et al. (US

patent No. 5,537,441).

Bremer et al. (Bremer hereinafter) teaches a receiver (see figs.l l-13) for receiving a

digitally modulated signals comprising: an adaptive filter (280) for receiving the received

demodulated signal and'minimizing the Intersymbol Interference (ISI) associated with the

received symbols and generating an estimate of the received signals; slicer for detecting symbols

from the estimated signal by the adaptive filter; and control signal generator (260,250 and295)

for generating a control signal to control the adaptive filter (280) in response to bot[ outputs from

the slicer QZO)the adaptive equa{izer (280) as in claim,/
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9. Claim 9 is rejected under 35 U.S.C. 102(e) as being anticipated by Lester et al (US

patent No. 5,353,307).

Lester et al ( Lester hereinaftu) teaches a receiver (see fig 5b) for receiving a digitally

modulated signals comprising: an adaptive filter (54) for receiving the received demodulated
'

signal and minirnizing the Intersymbol lnterterence (ISD associated with the received symbgls and

generating an estimate of the received signals; slicer'for detecting symbols from the estimated

signal by the adaptive filter; and control sigfral generator (60,56 and 56) for generating a control

srgnal to control the adaptive filter (54) in response to both outputs from the Viterbi decoder (58)
uj

the adaptive equalizer (5a) as in claim 8.

Allowable Subj ect Matter

10. Claims 3-7 arcobjected to as being dependent upon a rejected base claim, but would be

allowable if rew{en in independent form including all of the limitations of the base claim and any

intervening claims.

11. Claim 2 would be allowable if rewritten to overcome the rejection(s) under 35 U.S.C. 112,

2"d paragraph, set forth in this Office action and to include all of the limitations of the base claim

and any intervening claims.

12. Claim 1 would be allowable if rewritten or amended to overcome the-rejectign(s) under 35

U.S.C. 112:,2"6 paragraptq set forth in this Office action.
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13. Claim 8 allowed.

Conclasion

14. The prior art made of record and:not relied upon is considered pertinent to applicant's

disclosure.

US patent numbers 5,513,276; 5,537,436; 5,684,834 and 5,719,923 issued to Gadot et al.,

Bottoms et al., B'etts et al. and Bremer et al., respeotively disclose a receiver having means for

removing Intersymbol Interference and decoder.

US patent number 5,446,747 issued to Berrou disclose a receiver having a cascaded

decoders.

Any inquiry concerning this communication should be directed to T.Bocure at telephone

number (703) 305-4735.

La'
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Appln. No.
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Title

Docket No. :

Assistant Commissioner for Patents

Washington, D.C. 20231

Catherine Douillard

081894,207

December 3,1997

ITERATIVE. STRUCTIJRE DIGITAL
SIGNAL RECEPTION DEVICE, A}ID
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Fir:st Named
lnventor
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IN THE.MSMED STATES PATENT AND TRADEMARK OFFICE

Catherine Douillard

08it894,207

December 3,1997 Group Artunit 2732

ITERATIVE.STRUCTURE DIGITAL
SIGNAL RECEPTION DEVICE, AND
MODULE AND METHOD fi{EREFOR

Examiner:
Bocure, T.

BACKGROLTND OF THgnVVENTTON--.

/
I

Pige 5 between line 9 and line 10, insert --

BRrEF SUMMARY OF THEAVENTTON--.

J
Page7, between line 17 and line 18, insert --

RECEIVED
F264.312-0016

AMENDMENT Grorrp Ll{W

Box Nqn-Fee Amendment
Assistant Commissioner for Patents

' Washington, D.C. 20231

This is in response to the Office Action mailed on April g, lggg,which was a

correction to the Office Action mailed on March 23. 1999. Please amend the above-identified

application as follows:

Page l, between the title and line 1, ini-ert --

I CERTIFY THAT THIS PAPER IS BEINC SENT BY U,S. MAIL,
FrRsr cr-A.ss, To rHE AssrsrANr couursqrqRER FoR
nATENTS, wASHrNcroN,D.c.2oz3t,rHrs 7) ffiv 6p 

-

BRIEF DESCRIPTION OF TITE DRAWINGS
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Other features and advantages of the invention shall appear from the following

description of a preferred embod! of the invention giving by way of a non-restricted

example and from the drawings, ofwhich:

illustrating a standard transmission line that can

mcorporate leffidevice apcording to the present invention.

2 shows a simplified view of a discrete model, equivalent in terms of

baseband to lsslon affected by an inter-symbol interference, illustrating the

approach ofthe

ing lattice of the channel of FIG. 2, illustrating

possible the state of

-2-

[,i
ab

channel ab a function of time.

showing the principle of the receiver of the present

implemente<i

the case of four casc

iffit flow chart illustrating the method of the present invention

ofFIG.4.

modular structure of the receiver of the present invention in

ules.

block diagram of the module of FIG. 6.

shows a series of curves illustrating the performance characteristics of the

in the case of a Gaussian channel.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS...

/
v

Delete page 11, line 23 through page 12,line 16.

IN THE ABSTRACT

Please replace the abstract with the abstract provided on the following separate

\
";:;i:;,

't!,::.

/.rt\
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-.ABSTRACT

The invention relates to a devige for the reception of signals formed by a series of

digital symbols corresponding to the convolutive encoding of items of source digital data

comprising p cascade-connected detection and decoding modules M, to Mp, p being greater than

or equal to 2, eachof said modules M, including: (a) inter-symbol interference correction means

supplied by a syrnbol input & and delivering estimated symbols At, r with weighted values, (b)

means for the decoding of said estimated symbols A, ,, performing operations symmetrical to

said convolutive.encoding and delivering decoded symbols ^\,r with weighted values, and (c)

means for the computation of an item of correction information Zi*, from said estimated symbol

4,, md said decoded symbol A,r, (d) said ineans for the correction of each of said modules M,,

except for the first module M,, taking account of at least one item of correction information Z'

determined by the previous module M,-,.--

-3-

J
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-4-

[\I THE CLAIMS

Please amend claims l,2,and 9 as follows:

for the reception of signals formed by a series of digital symbols

0\

corresponding to the convolutive encoding of items of source digital data characterized in that it

comprises;

p cascade-connected detection and decoding modules M, to Mp, p being greater

than or equal to 2,

each of said modules M, including:

inter-symbol interferen." Joor.tion means supplied by a symbol input \
and delivering estimated symbols A,u with weighted values[,];

means for the decoding of said estimated symbols A,,, performing

opbrations iymmetrical to said convolutive encoding and

delivering decoded symbols A,,, with weighted values[,];and

means for the computation of an item of correction information Z ,*rfrom

said estimated symbol Ai,r rrnd said decoded symbol A',r,

said means for the correction of each of said modules Mi, eXcept for the

first module M,, taking account of at least one item of correction

information Z; determined by the previous module M'- t.

2. (Amended) Device according to claim 1, characterized in that:

each of said modules M, has two inputs, one symbol input & and one correction

input [Z'] on which correction information Z,loay-belgceived, and three

outputs, one symbol output &+r, ono correction output lZr*tl and one

decoded symbol output Dt*,[,]i

/l

I

\
\
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the symbol input ( of the module M, being connected to the symbol output & of

the module M,., for i greater than 1 and being supplied with the symbols

received for i equal to'I [,];

the correction input [2,] of the module M,being connected to the correction output

[Z'] of the module M,-, for i greater than I and being supplied with a

neutral value that does not affect the correction for i equal to I [,];

the symbol output \*, of the module M, being equal to the symbol input \ of

said module M, delayed by the latency time dictated by the moduleM'[,];

the correction output lZnrldelivering said correction informationf,]; and

the decoded symbol output D,*, being unused for the modules M, to 14- r and

... being supplied with the dec6ded symbol4,z of the module IvIo if the code

implemented is a systematic code and, if not, with a corresponding

-5-

orf'
a)

sYmbols

corresponding to the convolutive encoding of items of source digital data comprising the

following steps:

t-l supplying with received symbols &; and

performin&at least two iterations of the following steps:

[-] [the correction of] conecting inter-symbol interference affecting each

co of said received symbols, by means of an item of correction

information Zr, and the delivery of estimated symbols A',';

[-] [the] decoding [of] said estimated symbols A,,, entailing operations

symmetrical to said convolutive encoding, and the delivery of

decoded symbols A,,r; and ,

n /f-\
.i ''r
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W [-] [the computation o{l computing said items of correction informationZt

from at least one of said estimated symbols A,,, and at least one of

iA AecoAeC symtt9ts

REMARKS

This Amendment is in response to the office action mailed on March 23,lggg

(and the corrected office action mailed on April 9,1999) in which claims 1-9 were pending.

Claims I and 2were rejected under 35 U.S.C. $ 112 as indefinite. Claims 3-7 were objected to

as being dependent upon a rejected base claim and were noted as being otherwise allowable. The

office action allowed claim 8. Claim 9 was rejected under 35 U.S.C. $ 102(e).

With this amendment, claims 1,2, and 9 are amended. All claims are in condition

for allowance, and reconsideration and notice to that effect is respectfully requested.

Applicant respectfully thanks the examiner for the tele'phone interview conducted

on or about April 14,1999. In response to applicant's questions, the examiner indicated that

both the rejections of paragraphs 8 and 9 of the office action mailed March 23,1999 werc

intended to be directed to claim 9. This change was embodied in the office action mailed April

9,1999.

The examiner objected to figure I as not being designated --prior art--. A

proposed correction to figure 1 incorporating this change is submitted herewith.

The office action objected to the format ofthe abstract and the arrangement of the

Appropriate changes have been made to overcome these objections.

The office.action rejected claims I and 2 under 35 U.S.C. $ 112 as being

indefinite for failing to particularly point out and distinctly claim the subject matter which

applicant regards as the invention. The applicant respectfully haverses this rejectio4. The

Examiner correctly noted that claim 1 sets forth a means for correction of each module M,,

except the for the first module M,. This means for correction takes into account at least one item

of correction informationZ,determined by the previous module M,-,. In other words, the

-6-

+h
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correction information Z, is supplied to all of the modules except for the first one. According to

the present invention, there are at least two cdscade-conngcted modules each having a cqrrection

input provided by the previous module. Clearly, there is no previous module when considering

the first module and, consequently, the first module does not receive a correction information Z,

determined by the previous module.

Claim 2, as theExaminer correctly noted, describes each module M, as having

two inputs, one symbol input & and one correction input. As used in claim 2 by the Applicant,

the term correcticin input refers to the actual physic4l input on which correction data may be

received. The first module has a correction.input, as all the modules are identical, but does not

receive corrective information on it. The first module of the device of claim 2 is not supplied

with correction information but rather with a neutral value that does not affect the correction for.i

equals one. Claim 2 has been amended to more clearly highlight the distinction between

correction input and correction information. The symbol Z, inclaim'2 has been deleted where

referring to correction input and is used solely to refer to correction information, to avoid the

interpretation that correction input and correction information are in all instances the same.

Claims I and2 were not rejected based upon prior art. Claims I and2 remain

patentable over the art ofrecord

Claims 3-7 were objected to as depending from a rejected independent claim. As

the objection to claim I has been traversed bythe Applicant, claims 3-7 now stand in allowable

form. Claim 8 was not addressed bythe office action and the Applicant assumes it to be in

allowable form.

Claim 9 was rejected under 35 U.S.C. $ 102(e) as anticipated byU.S. Patent No.

5,537,441("Bremer '441"\ and U.S. Patent No. 5,353,307 ("Lester'307"). Claim 9, as amended,

is limited to a device that includes at least two iterations of correction steps. .The references cited

by the Eiarrriner do not teach a device that includes multiple iterations. Absent the disclosure of

every claimed feature in a single prior art reference, a rejection under $ 102(e) is improper.

Claim 9 therefore stands in allowable form.

-7-
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All of the currently pending claims (1-9) are patentable over the art of record and

in condition for allowance. Reconsideration and notice to that affect is respectfully requested.

The Examiner is invited to contact the undersigned at the telephone number listed below if such a

call would facilitate allowance of the application.

Respectfu'lly submitted,

KINNEY & LANGE. P.A.

I\t[inneapolis, MN 5 5 41 5 -1002
Telephone: (612) 339-1863
Fax: (612) 339-6580

JDS:JRK:kmm

-8-

No. 37.235
EV &LANGEBUILDING

312 South Third Sheet
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Catherine Douillard et al.

Office Action Summary

Responsive to communication(s! filed on Jun 2ti. | 999

This action is FINAL.

Since this application is in condition for allowance except for formal matters, prosecution as to the msrits is closed

in accordance with the practice underFx parte Oirayle, 1935 C.D. 11;453 O.G. 213.

A shortened statutory period for response to this a,:tion is set to expire .three month(s), or thirty days,.whichever

is longer, from the mailing date of this corn.munica'.:.-rir. Failure to respond within the period for response will cause the

application to become abandoned. (35 U.S.C. I 1:13). 'Extensions of time may be obtained under the provisions of

37 CFR 1.136(a).

Disposition of Claims

X ctaim(s) /-9 is/are pending in the application.

Of the above, claim(s)

Claim(s) /-8

is/are withdrawn from consideration.

Claim(s)9

is/are allowed.-

is/are rejected.

isiare objected to.Claim(sl

Claims

Application Papers

n See the attached Notice of Draftsperson's Pi.rnt Drawing Review, PTO-948.

dtn"drawing(s) filed on Jv.qr ($, tff l , /are objected to by the Examiner.

I tne proposed drawing correction, filed on is flpproveci Disapproved.

I me specification is objected to by the Examir;t:r.

n me oath or declaration is objected to by thr:r ':.rrniner.

Priority undet'35 U.S.C. S 119

n Acknowledger,nent is made of a claim for f oi ,:;n priority under 35 U.S.C. 5 119(a)-(d).

Intt nsome* [None of the CERTIi:.:,] copies of the priority documents have been

K

m

n
n

U. S. Patcnt and Trrd€n[* Offic!
PTO-326 (Rev. 9-95)

n received.in Application No. (Series Cor

n received in this national stage applical
*Certified copies not received: 

-

I Acknowledgement is m'ade of a claim for dcr

Attachment(sl

I ttotice of References Cited, PTO-892

n Information Disclosure Statement(s), PTO-1.i

n Interview Summary, PTO-413

n Notice of Draftsp.erson's Patent Drawing Rev

'" ! Notice of Informal Patent Application, PTO-t

are subject to restriction or election requirement.

'I urial Number)

r fr.om the International Bureau (PCT Rule l7.2lall.

i rstic priority under 35 U.S.C. I 119(e).

Paper No(s).

,v, PTO-948

..- Sff OFFICE :YION ON THE FOLLOWING PAGES -..

Application No.

oa1a94,207

, r.e Action Summary Part of Paper No. 11
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DETAILED ACTION

Claim Rejections - 35 USC S 103

t.

l. The following is a quotation of f S U.S.C. 103(a) which forms the basis for all obviousness

rejections set forth in this Ofiice action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set fortir in

section 102 bf this title, if the differences between the srlbject matter sought to be patented and the prior art are
' 

such that the subject matter as a whole would have been obvious at the time the invention was ma& to a person

havglg ordinary rtitt in ttr" art to which s,aid pubject matter pertains. Patentability shall not be negatived by the

. manner in which the invention was made.

2. Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lester;et al. (US

patent number 5,353,307).

Lester et al ( Lester hereinafter) teaches a receiver (see fig 5b) for receiving a digitatly

modulated signals comprising: an adaptive filter (5a) for receiving the received demodulated

slgrial anl minimi zingthelntersymbol Interference (ISI) associated with the received symbols and

generating an estimate of the received signals; decoder (58) for detecting symbols from the

estimated signal by the adaptive filter; bnd control signal generator (60,56 and 56) for generating

a control signal to control the adaptive filter (54) in response to both outputs from the Viterbi

decoder (58) the adaptive equalizer (54) as in claim 9.

Even though Lester doe not teach that each of the correction step and decoding step

having,pjleast two iterations, he shows that the channel adaption circuit (56), claimgd computing,

- performs the Mean Square Error'calculation by using the loop for performing an iterations (see

t.-
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figure 6). The use a loop as shown in figure 6 would enable the receiver of Lester to minimize

the error (phase, frequency and/or amplitude) factor which contributes the Intersymbol

Interference (IS! in the received.

Therefore, it would have been obfious to:one of an ordinary skill in the art to use the

iteration loop shown in figure 6 to diverge or converge the error for eliminating the IsI in the

received signal at the time the invention was made'

Allotv uble Subi ect Mutter

3. Claims 3-7 areobjected to as being dependent upon a rejected base claim, but would be

allowable if rewritten in independenr form including all of the limitations of the base claim and any

intervening claims.

4. Claim ?uipuld be allowable if rewritten to overcome the rejection(s) under 35 U'S'C' 112,

?;^d pangraph, set forth in this Office action and to include all of the limitations ofthe base claim

and any intervening claims.

5. Claim I would be allowable if rewritten or amended to overcome the rejection(s) under 35

U.S.C. ll2,2"d paragraph, set forth in this Office action'

I6. Claim 8 allowed.
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Cqnclusion

7. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO

MONTHS of the mailing date of this final action and the advisory action is not mailed until after

the end of ihe THREE-MONTH shortened'statutory period, then the shortened statutory period

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37

CFR 1.136(a) will be calculated frorn the mailing date of the advisory action. In no event, *

however, will the statutory period for reply expire later than SIX MONTHS from the mailing date

of this final action.

8. Any inquiry concerning this communication or earlier communications from the examiner

should be directed to T.Bocure whose telephone number is (703) 305-4735. The examiner can

normally be reached on Monday through Thursday the first week of a bi-week and Monday

through Friday the second week of a bi-week from 7:00am to 4:30pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor,

Chi Pham, can be reached on (703) 305- 4378. The fax phone number for the orga1ization where

'' this applicaiion or proceeding is assigned is (703) 308-4 743 or(703) 305-3988 .

*r:-
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Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist rvhose telephone number is (703) 305-3900.

Tesfoldet Bocure
Primary Examiner

T.Bocure

Scl. l\}ffift 1999
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ApplicCnt(s)
Catherine Douillard et al.

Office Action Summary

X

m

n

Responsive to.communication{s} filed on

This action is FINAL.

Since this appiication is in condition for allowance except for formal matters, prosecution as to the merits is closed

in accordance with the practice under fx parrc AuaYte, 1935 C.D. 11; 453 O.G. 213.

A shortened statutory period for response to this action is set to expire three month(sl, or thirty days, whichever

is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the

application to become abandoned. (35 U.S.C. E 1331. Extensions of time may be obtained under the provisions of

37 CFR 1.136(a).

Disposition of Glaims

X Claim(s) 7-9 is/are pending in the application.

Of the above, claim(s) is/are withdrawn from consideration'

Claim(sl /-8 is/are allowed.-

is/are rejected.

is/are objected to.

Claim{s)9

Claim{s)

Claims are subject to restriction or election requirement.

Application Papers

n See the attached Notice of Draftspersoit's Patent Drawing Review, PTO-948.

n tne drawing(s) filed on is/are objected to by the Examiner..

X fne proposed drawing correction, filed on Jyn 28, 1999 is Ebpproved l-tisapproved.

n tne specification is objected to by the Examiner.

n tne oath or declaration is objected to by the Examiner.

Priority under'35 U.S.C. S 119

n Acknowledgernent is made of a claim for foreign priority under 35 U.S.C. 5 119(a)-(d).

I Att n Some* nNone of the CERTIFIED copies of the priority documents have been

n received.

I received in Application No. {series Code/Serial Numberl

n received in this national
*Certified copies not received:

stage application from the lnternational Bureau (PCT Rule l7.2lall'

I Acknowledgement is made of a claim for domestic priority under 35 U.S.C. $ 119{e}.

Attachment(s)

[] Notice of References Cited, PTO-892

n lnformation Disclosure Statement(sl, PTO-1449, Paper No(s).

I Interview S.ummary, PTO-413

n Notice of Draftsperson's Patent Drawing Review, PTO-948

"' n Notice of Informal Patent Application, PTO-I52

OFFICE ACTION ON THE FOLLOWING PAGES:--

X

K
tr
n

d:-

U. S. Pabnt.nd Tbdcmtrk Offic.
PTO-326 (Rev. 9-95) Office Action Summary Part of Paper No. 11
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Serial Number:

ArtUrlnt 2731

0871894,207 Page2

DETAILED ACTION

Drawings

1. The corrected or substitute drawings were received on June 28,1999. These drawings are

approved by the Examiner.

Aaim Rejections'35 (ISC S 103

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness

rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identioally disolosed or described as set forth in
section 102 of this title, if the diffsrences between the subject matter sought to be patented and the prior art are

such that the subject matter as a whole would have been obvious at the time the invention was made to a person

having ordinary skill in the art to whioh said subject matter pertains. Patentability shall not be negatived by the
' maruler in which the invention was made.

3. Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lester et al. (US

patent number 5,3 53,307)

Lester et al ( Lester hereinafter) teaches a receiver (see fig 5b) for receiving a digitally

modulated signals comprising: an adaptive filter (5a) for receiving the received demodulated

signal and minimizing the Intersymbol Interflerence (ISI) associated with the received symbols and

generating an estimate of the received signals; decoder (58) for detecting symbols from the

estimated signal by the adaptive filter; and control signal generator (60,56 and 56) fi, g.nrruting
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Serial Number: 087 1894,207

IirtUrut 2731

Page 3

a control signal to control the adaptive filter (5a) in response to both outputs from the Viterbi

decoder (58) the adaptive equalizer (54) as in claim 9.

' Eventhough Lester doe not showthat each ofthe correction step and decoding step

having at least two iterations, he shows that.the channel adaption circuit (56), claimed computing,

performs the Mean Square Error calculation by using the loop for performing an iterations (see

figure 6). The use of a loop as shown in figure 6 would enable the receiver of Lester to ryinimize

the error (phase,'frequency and/or amplitude) factor which contributes the Intersymbol

Interference (ISI) in the received signal.

Therefore, it would have been obvious to one of an ordinary skill in the art to use the

iteration loop shown in figure 6 io diverge or converge the error for eliminating the ISI in the

received signal at the time the invention was made.

Allow able Subj ect Matter

Claims 1- 8 allowed.
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Serial Number: 087 1894,207

l.rtunrt',2731

Page 4

Conclusion

5, THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for ren! to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO

MONTHS of the mailing date of this final action and the advisory action is not mailed untif after

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period

will expireon the date the advisory action is mailed, and any extension fee purzuant to 37

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,

however, will the statutory period for reply expire later than SIX MONTHS from the mailing date "

of this final action.

6. Any inquiry concerning this communication or earlier communications from the examiner

should be directed to T.Bocure whose telephone number is (703) 305-4735. The examiner can

normally be reached on Monday through Thursday the first week of a bi-week and Monday

through Friday the second week of a bi-week from 7:00am to 4:30pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor,

Chi Phanr, can be reached on (703) 305- 4378. The fax phone number for the orgarnzation where

this application or proceeding is assigned is (703) 308-4743 or (703) 305-3988 .
a
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Serial Number: 087 I 894,207

ArtUnt:2131

Page 5

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (703) 305-3900.

T.Bocure

March 16. 1999
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29,2000

FirEtNamed
Inventot

Appln. No.

Filed

Title

P,t

w3

ffi;ioui"ade'i-0FFIcf AL
Dccomber 3,1991

ITERATIVE.S TRUCTI.JRE DIGTTAL
SIGNAL RECEPTION DEVICE AI{D
MODTILE AI{D METHOD fiIERBFOR

DocketNo. F264,3t2-16

CNRTIFICATION OF iUT,NTNCSIMILE TRANSMISSION

Assistant Comrnicsioner for Patente Wffil- ' (703) 308-4743
washington,D.c.z0z3r i WIHU r irl JT/*sir: 3e e' 6 /4'a

I ceniff that the, followiug papers erc being totofacsimile transrnitt 
"e"t€r"Vd',

\Patcnt aad Tradcmark Offics oa the datc ehorvnbelow:

1. AVTENDMENTAF'TEREINAL

2. FEE TRAI{SMITTAL FORM

I. 3 MONTTI H(TENSION OF TIMB

KINNEY &,

t-/n*", l-ehrrct+ ZLfui By:

t r 1effiey
BUILDING

312 South Third Sneet
Minneapolis, lvllrl 5 5 41 5 -lOOz

' Telephone: (612) 339-1t63
Fuc: (612) 339-6580

JDS:alg,

6 PAGEfI - INCLUDING COVER.PAGE

Group ArtUnit 2731

Exeminer: T. Bocure
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"ffi
uNrrED sTATEs L, 

'AnrrureNT 
oF coMMERcE

Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS

.{" 31^t- J.{,

, Lt"lil:ll 1ilf9,i{:INhllfv tr LANrtiH,, F,_ A,
Tl'lH HI,NNHY *r t-_ffNrlH SLrI;p11r1U _;,13 Iit]UT}-I THTRII $TREHT
F4I hlhlH*FilL.I S tytN S.$41 $- t rr *f

EXAMINER

ART UNIT I PNPCR NUMBER

r* ii\y -qrt

DATE MAILED:

Please find below a commvnication from the EXAMINER in charge of this
application. : '

Commissioner of Patents

1. In response to applicant's telephone inquiry regarding "the last office action mailed on

September T3,1999u, the following action has been taken: t.

tnB prnroD FoR RESroNSE oF 3(THREE) MoNTHs sET IN sAID oFFIcE
ACTION CONTINUE TO RUN FROM TTIE DATE OF TIIE LAST OFFICE ACTION
WAS MAILED

2. A corrected copy of the last office actioh indicating the withdrawal to the: objection of
claims 3-7; rejection of claims I and 2; and objection to the proposed drawing

,' correction filed on June 28, 1999 is enclosed with this correspondence.

4. Any inquiry concerning this communication or earlier communications from the
exdminer should be directed to T.Bocure whose telephone number is (703) 305-4735.

$:l
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Fe b, 29. 2000 I :33P}lt I{INNEY & LANGE, P. A. No. i6?1 P,

!

IN THts JMTED STATES PATENT AND TRADEMARK OFFICE

Applioant : Catherine Douillard et al,

Serial No. : 0E1t94,207

Filed : Decenrber3,7997 I Group *rtUnit: 2731

For : ITERATIVE-STRUCTLTRE DIGITA,L I Examiner: T. Bocure
SIGNAL RECEPTION EEVICE AT.ID
MODULE AND MBTHOD TTIERSFOR

F264,3t2-t6

PATENT

0rFr[f fiL

'ryw

tr?
. {t g DocketNo.
iej-fi:
€ X. AIVIENDMENT AFTER F.INALrll - rr
S .\..- Fncs7,lltfN'N\ I I CERTIFY THAT TlilS PAPER ls BEING S8I|TBY €*+t fL,

flRST CIASS, TO Tl':lE ASSISTANT cgMMI$ltnNBR FORfS BoxAF pArEr\rrs, *asrrNoroN,f;.::H;1,;ffi[ruDAy oF- 
Aseistant Commissioner for pare,nts ldhffef y Ml + *n-t#H.
Washington, D.C. 20231

Sil:

This is in response to the gffice Action nailed Septembor 13,1999, as corrected by

the Ofiice Aotion mailed October 25, Ig9g. Plcase amcnd the abovc-idsntified application as*

follows:

n{ Tl-rtr CLAIMS

Please arnend clairn 9 ea follows:

9. (AmendeQ od for the reception of signals formed by a series of digital symbols

corresponding to the convolutive errcoding ofitems of sourae digtal data comprising the following

stePs:

supplying with roccived gmrbols &; *a
performing forcach received.sanbol & at least two iterations of the following steps;

correcting inter-syrrbol interfErence affecting [each of said] received

slmbols &, bymoans of an itom of corrcction inforcrationZr, said

eorrection infomution ZF-eISBIZ l (first itsptio4). btins qomFuted

,l'
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Feb, 29, 2000 l:33P}rI I(iNNEY & LANGE, P, No, 1071 P,3

Inventor: Douillard et al. Serial No.:
-2-

bv acomnpline$ry of the prcvious itotatie'r. and the dclivcry of

conssFondiAg estimated syrmbola A ;,1 withrryci-&tedialue; 
.

docoding said estimated synbole A l,r wth weEhtEd value entailing

operrtione symmetical to said convolutive encoding and thc delivery

of deooded rynrbols A,, with,weighted vatuq [urd]

oonpufing said litqnsofl condctioninfomrationZ; from atlcast one of said

cstimated slrnbols A;,, and at leaet one of said decoded syrrbols Ap;

end

delive''ne_FAid_tonection information Zi tO the step of cor"ecting inrer-

qyrnbol interference gf th e folloydng i trratiou.

REMARtr(S

This is in response to the gflie Action mailed Septcmber 13, 1999, as conected by

thE Offica Action mailed October 25, 1999. Claims I .9 wene pcnding. In rhe Office Action,'claim:

9 was rejected rurder 35 U.S.C. $103(a) as being ulpetentable over Lester et al. (U.S. Patent No.

5,353,307). Applicant respectfully acknowledges the Exarniner's allowance of claims l-E. Claim

9 is amended. Entry of this amendment arrd rsconsideration is rsspectfully requested to place the

aprplication in condition for Ellowanse.

Applicant reepcctfully thanks thc Examiner for the telephone interview between the

undersigned and the Bxamincr on or about Octobcr 22,1999; Appliourt pointed out inconsistencieg

in the Septernbet 13,, 1999 Offrcc Action, resultiag in,the oonoct€d Office Action mailed October

25, 1999.

With this Ameadment, claim 9 is nrlondcd to clari$ the olaimed invention, As

amended, claim 9 requirep at least two iterations to be performed for each received syrrbol &. The

changes to claim 9 further clariff the computing and delivery of the corection information Z ;

between iterations, aud the use of wcighted value of the corrcqponding ostimatcd symbols A, Claim
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Feb, 29,2000 
' 

1:33PM I(INNEY & LANGE, P. A. No, 16? I
p/

Inventor: Douillard et al. Serial No.:

9 as amended has a scope similarto allowod claim 1, and Applicant eubmits that claim 9 as ame,nded

is clearly nErv and uon-obvious over Lestcr dt al.

With this Amcndmcnt, all ofclaims 1-9 are in condition for allowance. Entry of the

amendment, reconsideration and notioe to that cffect is rospectfully requested. Ttre Examiner is

invited to contact the undersigned attorney qt the nurnber listed below if it would any way facilitate

allowance of the claims.

Reepcotful$ submitted,

KINNEY & I-AfIIGE, P.A,

By:

3.12 South Third Strcot
Minneapolis, MN 554 1 5-1 002
Telephone (612) 339-1863
Fax: (612) 339-6580

JDS/RMR:beh

s'.
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Feb 29,2000 i:33PM KINNEY & LANGE, P. A.

I

_l

N0.16?1 P.5

IN THE IJMTED STATES PATEM A}.ID TRADEMARK OFFICB

Cetherine Douillard et al,

otltg4,2o7

Deceorbor 3,1997

ITERATIVB-STRUCTURE DIGMAL
SIGNAL RECEPTION DEVICE AND
MODTILE ANID METHOD TIIBBEFOR

DockEtNo. t F264,312-15

Assistant Commissioncr for Patents
Washington, D.C. 20231

Pursuant to 37 C.F.R. 1.135(a), Applioant potitions for aThree-month exteneion of

time to respond to ths Offics Action dated October 25,1999.

RespectRrlly submittcd,

KINMY & LAI$GE, P.A.

312 South Third Sfreet
Minneapolie, MN 5541 5-1 002
Tslephone: (612) 339-l E63

Fax: (612) 339-6580

JDS:alg

First Named
Inventor :

Appln. No, :

Filed :

Title :

Group Art Unit: 273L

Exarniner: T. Bocure

Sir:

PETITION F'OR THREE-MONTH EXTENSION OX'

THE ASSISTAT.TT COMMTSAIONER
toN, D.c. zo23t, mls 21FSev on
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Fe b, 29, 2000 1:34PM KINNEY & LANGE, P. A. No, l6?1 P, 6

FEE TRANSMffTAL 091994,207

Filing Date December 3, 1997

First Named CatherlnE DouillErd et al,

Group Art Unlt 27t1

Examtner Name l-. Bocure

TotalAmount of Paymenh S_gl.Wg Alty. DocKol F264.31z-1s

MEfHOD OF PAYMEITIT (GhECK ONE) FEE CALCULATIOI{ (Gontlnucdl

1, IXI The Commi€Elonef 18 ner€Dy sulnonzsc E cnlrge any
aai-iilonalfee requiied under 37 C.F.R. l.1E and 1.17 anC
sedit Eny over payment* b Deposit AccounlNglLCIfl!&
Deposlt Account Neme: Kinney & Lange, P.A.

l.alle En[ly Small Eadty
FEo Feg F.e Fe€
Codc ($) Cod€ 6)

toE 180 206 E5

,127 50 2n N

139 130 139 130

z,Sp 117 2,5n

115 ,110 at5 66'

llE 380 21t leo

11? 670 217 435

116 1.S60 21E 690

126 1,850 280 s29

r20 . r00 leo '150

121 2W 2A1 130

148 110 2t8 St

t4o 110 7n 55

111 1,3$ 441 o8o

1a2 1&t$ 42 firs

149

1n

12s

124

68,1

#o e43 a45

rfi lzz 1go

50 t3s 60

26 128 24O

Fee Deraipilon

Surcharga - Lata filihg f€a or oeth

Surchaqc - late povlElonalflllng be
or oowl6heet
Non€nglith apecilicat'on

For Fillng a Requaet for Rearsminslion

Ertension fu reply wihin firut month

Erbngipn hr Fply withh Becand mofith

Exbnslon br reply wlthin lhid monlh

Exton9ion tor rEply wihin tourth honth

Ertenslon for reply wlthln flfth month

Filing a hlef.in suppofi of an aPpaal

Request firr onl hearlng

Temlngl Dicclsimet Fee

Petitlon to navive - unavoidsblo

Pelltlon lo rcvive - unintenUonel

Utiliv/Rei8eua isus l€€ (inq, acvancs
copieB)

Deslgn lcrue fee (lnc, advence copiee)

Pahione to the Conrmis3ionet

Pstilims rclrtsd to prwisional applications

Submirtiq6 of lnfbFnalicn Dl3clorure

Sbbment

Reording etdr patent ersignmoni P€r
Fope.ty (tirnes flumber sf propertleE)

Fee peid

I

I

+

*

*

t

azo

t

i

'+

,
f

681

Other fre (spsdf) 9

Subtotal (3) $870.00

2, I Check Encloaed

FEE CALOULATIOI{

1. BASIC FILIHG FEE

Larqe Entily 6mall Enlity
Fee F€€ Fee Fee
c,ode $l gggg I$ FeaQsl[ldier

101 8eo 201 345 0 Ulility Filing Fee

1oo 310 zos 155 ll Deelgn Flling Fee

108 , 880 208 345 0 ReitsueFilingFec

114 150 211 75 [ Fov. Filing Fee

Subtotal(1) $

2. EXTBA 9L^[ll FEES

Number Priof*
Claime

Total*-n=

hdep. *,.- * 
=

Multlple Dependent olEirn6

LBrge EntitY
Fee Fd€
Code l$)
103

10?

Pcefron FsePaU
Bclow

*t'

l=

*=*

Dceodptlon

Oaina in excecs of 20

lndeFendent cleime in excaso
stg

t
MultiFle DepgnCant claim

Reigeue lndependent Clqlrg
6lct Orlginal-Pahnl

Rcbsue clslmr ln ercEst of
eO rnd ou6lorlglnel pebni

Subtolal (2) $

Erlrs

*x
tx

"'lnsen 3 end 20, or number pfeviouEly pald if gr€gler: Reieeue eee
belw

Small En0V
Fee Fee

Asdl CI
203 I
?0? 39 ..

104 ' tuo

10s 7E

18

7E

204 130

209 39

16110

Signature Reg.No. ?7.235

DcpoeitAccount No.oaie 11.0982
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Ail ctaims being ailowabte, pRosECUTtoN oN THE MERTTS tS (OR RdMAINS) CLOSED in this application. lf not included

herewith (or previously mailed), a Notice of Allowance and lssue Fee Due or other appropriate communication will be mailed

in due course.

ffi This communication is responsive to 2/29/2000

ffi The allowed claim(s) is/are 1-9

D The drawings filed on are acceptable.

N Acknowledgement is made of a claim for foreign priority under 35 U.S.C. S 11g(aF(d).

K rut flsome* lslone of the CERTIFIED copies of the priori$ documents have been

N received.

[receivedinApp|icationNo.(SeriesCode/Seria|Number)

! received in this national stage application from the International Bureau (PCT Rule '17.2(a\).

*Certified copies not received:

n Aeknowledgement is made 
.of 

a claim for domestic priority under 35 U.S.C. $ 1 19(e).

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE

THREE MONTI-FROM THE "DATE MAILED" of this Office action, Failure to timely comply will result in

ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1 . 136(a).

I Note the attached EXAMTNER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses that
the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION lS REQUIRED.

ffi Applicant MUST submit NEW FORMAL DRAWINGS
- n b"""rse the originally filed drawings were declared by applicant to be informal.

': m including changes required by the Notice of Draftsperson's Patent Drawing Review, PTO-948, attached hereto or to
Paper No. 7

ffi including changes required by the proposed drawing correction filed on Jun 28. 1999 , which has been

approved by the examiner.

! including. changes required by the attached Examinefs AmendmenUComment.

tdentifying Indicia such as the application number (see 37 CFR 1.S4(c)) should be written on the reverse side of
the drawings. Ttid'drawings ghould be filed as a sepalate paper with a transmlttal lettter addressed to the Official
Draftsperson. -*_

! Note'the attached Examinefs comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any response to this letter should include, in the upper right hand corner, the APPLICATION NUMBER (SERIES
CODE/SERIAL NUMBER). lf applicant has received a Notice of Allowance and lssue Fee Due, the ISSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should also be included.

Attachment(s)

i n Notice of References Cited, PTO-892

I Information Disclosure Statement(s), PTO-1449, Paper No(s).-
tr Notice of Draftsperson's Patent Drawing Review, PTO-948

I Notice of Informal Patent Application, PTO-152 r
, I Interview Surhmary, PTO-413

..|-l Examine/s AmendmenUComment

l-l Examiner's Comment Regarding Requirement for Deposit of Biological Material

,_ 3 examine/s Statement of Reasonslor Allowance
$-

Catherlne Doulllard et al.

Notice of Allowabilw

U. S. Patent and TEd6matk Ofiico

PTO-37 (Rev. 9:95) Notice of Allowability
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l{prlCe OF ALTOWANCE AND ISSUEfEE:,DUE

t
;,:Jl
:,.A

L-ff1;iJO3l:re,
f{:INlrfilY t* l*Al".l$H, F 

" 
it"

l'l{s:. l.;IFlFJriy ft L..Atclr:ifi gt_tI [.tiIlu{i
::i1:;l {*rLt-rt-t.{'i}"{Iitl} *rRHf:T
f4 i i!N[:flF t-tl- i t:i t4N .gi F.{ t F - I. {r U;.:

ir: ..

Ar* &EEPARTMENT OF COMMERCE
Tradimark Otfice

APPLICANON NO. Frt-rNG QATE I rorru cLAtME : , I EXAMTNER AND GRoup ART uNtr ^l;," DATE MAILED

il:3/il':i.'l, *|jt? 1;:/ir-t3ly?
:l

, 'n$'p '#' s{fl:lJftg 
"

I f"t*T l.j :.j i/ t:i ti. rr * *-,

First Named
Applicant

I:i-lLJ [ 1..- l-_ f:lt:{F, 3.$ Lliii{j I.G't ttr} 'f.qlr-ft 
'g:,rf:.. ,.=ffir*v.r,

TITLE OF
INVENTION

I ft:Rdi r .t vrl - *'iT HlJfi T',t_rR*t

Fl[. I l-till:, Tl-lf .F,:*:F'r:ifi i
IrIlilI'rst- sI$rdfiL IsH*Hf.-fI,:JrJ []fiVI*ti. 1+l',t{i tvirtrrt_[.[: r:]F{I:

ATTYS EOCKET NO. CLASS.SUBCLASS ':BATOH NO. .'APFLNT'TYPE SMALIT ENTITY , FEE DUE. DATE DIJE

.i F:.;if.,4.::t1;1-ld; ;-J7.8;*lt4;3.r.ltrtl ..Tlt UT.iL.I.fy 
'i}{t 

St?lU,r-Hj r:rdji,/Lr{i1j(rii

i,

THE,A:PPL,ICAflAN DENTIFIED'ABOV9 HA$:$$flU,EXAM1NEDAND IS,jALI;OWED,FO4,16;SUANCE AS A 2ATENT.
: i. - : : . . . .

'THE ISSUE.FEE,ML|ST PE l4I-E,rytTHIN T.ITREE,MON FtS FR,OM'TI+E MAILING:DATEOF.,.]IHTS NOTTCE OR TH1S,, .

APPLI0AT,Ow;SHAA! BE REGABDEDIA8,*&AI{I , ,

HOW TO RESPOND TO Tltr9 NOTTCE: ,

l. Review the SMALL,ENTITY status shown above.
lf the:SMALL ENTIW: is,shown:ss yES,.verify your
current SMALL ENTITY status:

A. lf the status is changed, pay twics the amount of the
FEE DUE shown above and notify the patent and ;
Trademark Office of the change in status, or

B. lf the status is the same, pay the FEE DIJE shown
above.

lf the SMALL, ENTITY is shown as NO:

A. Pay FEE DUE shown above, or

E. File verified.stdtement of Small Entity Status before, or with,
pa)rnent of 1l2the FEE DUE shownabove.

ll. Part B'lssue Fee Transmittal should be completed and returned to the Patent and Trademark Otfice (pTO) with your
ISSUE FEE. Even if the ISSUE FEE has already been paid by charge to deposit accounti Part B lssue Fee Transmittal. should be compleled,and returned.: lf you are charging ine tSbUE fEg to your deposit account, section "4b'r of parl
ts-lssue Fee Transmittal should be completed and in extra copy of the form should be submitted.

lll. All communications regarding this application,must give application nurnber and.batch number.
Please.direct all communications prior to issuance to Box ISSUE FEE unless advised'"to the contrary. t:,: , ,

IIUpORTANT REMINDER: Iltility patents issuin-g-on apptications filed on or afterDec. 12, 1gB0 may require payment of' maintenance lees, lt is patenteets responsibility to ensure timely paynent of.ma-inienance: .'fees when due. i
PATENT AND TRADEMARK OFFICE COPY

PTOL-8s (REV. 10-96) Approved tor use rhrough 06/30/99. lOeSt-OOSSi 
-- --'- --

'U.S. GPO: 1 999-,454457124501

187



-o I Pd
L'

MAY?32000$

IN THE LTNITED STATES PATENT AND TRADEMARK OFFICE

#-/t
€L

First Named
Inventor

Appln. No.

Filed

Title

DocketNo.

Catherine Douillard et al.

081894,247

December 3,1997

ITERATWE-STRUCTURE DIGITAL SIGNAL
RECEPTION DEVICE, AND MODULE AND
METHOD THEREFOR

F264.312-0016

Batch No: Jl1

Allowed: 03106100

Group ArtUntt:2731

Examiner: Bocure, T.

CERTIFICATE OF MAILING - ISSUE FEE

Box Issue Fee
Assistant Commissioner for Patents
Washington, D.C. 20231

Submitted herewith is our cheok in the amount of $1,240,00 as payment of the issue

fee in the above-identified application and Advanced Order for ten soft copies of the issued patent,

along with the Issue Fee Transmittal.

The Examiner is authorized to charge any payment of any issue fee or document

supply fees under 37 C.F.R. 1.18 or 1.19 or credit any overyayment to Deposit Account No. 11-

0982. A duplicate of this paper is enclosed.

Respectfu lly submitted,

KINNEY & LANGE, P.A.

312 South Third Street
Minneapolis, MN 55415
Phone: (612)339-1863
Fax: (612) 339-6580

I CERTIFY THAT THIS PAPER IS BEINC SENT BY U.S. MAIL,
FrRST CLASS, TO THE ASSISTANT COMMIqqIoNER FOR

IATENTs, wAsHINcroN, D.c. 20231, r-Hts / ?"llpev or't -r-

& LeNcn Bunpwc

188



6rPi:
MAY232000S

IN THE IJNITED STATES PATENT AND TRADEMARK OFFICE

First Named
Inventor

Appln. No.

Filed

Title

Docket No.

Box Issue Fee
Assistant Commissioner for Patents
Washington, D.C. 20231

application.

JDS/RMR:beh

Catherine Douillard et al.

081894,207

December 3,1997

ITERATIVE-STRUCTURE DIGITAL SIGNAL
RECEPTION DEVICE, AND MODULE AND
METHOD THEREFOR

F264.312-0016

Batch No: Jl1

Allowed: 03/06/00

Group ArlUnit:2731

Examiner: Bocure, T.

LETTER TO OFF'ICIAL DRAFTSMAN

Enclosed are three (3) sheets of formal drawings for filing in the above-identified

Respectfully submitted,

KINNEY & LANGE. P.A.

312 South Third Street
Minneapolis, MN 5 5 415.L002
Telephone: (612) 339-1863
Fax: (612) 339-6580

I CERTIFY THAT TTIIS PAPER IS BEING SENT BY U.S. MAIL,
FIRST CLASS, TO THE ASSISTANT COMM]S'IONER FOR
pnteNrs. wASHINGToN, D.c. 2023t, rws | | l]f.av or"----.--' i -r..r

ANGE BUILDING

189



,!j:.I'6,ilW

T,*l
An*l=o

-/s7*l 
= /

//HEir (77*l r

+*

f VJ,3

f n.6

rfAuslf/,ssla&,CrAiltlEl

/,100AIAflail
N0 fllrfflM

cotrutunrf
flYm[R

m4ffiilttt/0N
rcn/akl

f//ftR/t/6 AM0

ntlfrilluflov

\ a3t 7x

190



2/3

CORREAftON ff IES

CONYOLUflVE DECODING

F16.5

191



WErcHTED.
0arPur
ailwl/nrc
DtrOOfR

(urrrvcr u)

DflAf ff= ll+12+lFD

3/3

fll6.7
loq

/0-t.

f0-2

tu-3

/o'4"

p-5

tu-6.

234

- .. .?1,(0 " fg!g!.t 44r/a'l

F16.6

192



FEE TRANSMITTAT.

6 rP.
MAr232ooo$

C olete lf Known

ffii
I

Filing Date December 3, 1997

First Named Catherine Douillard et al.

Group Art Unit 2731

Examiner Name Bocure. T.

Total Amli:ifiIi6ttat1nent; $ 1,24U.U0 Atty. Docket F264.312-0016

METHOD OF PAYMENT (Check One) FEE CALCULATIoN (Continued)

1. Qg The Commissioner is hereby authorized to cnarge any
additional fee required under 37 C.F.R. 1.16 and 1.17 and
credit any over payments to Deposit Account MIL!lj?!4
Deposit Account Name: Kinney & Lange, P.A.

Large Entity Small Entity
Fee Fee Fee Fee
Code ($) Code (S)

105 130 205 65

127 50 227 25

139 130 139 130

147 2,520 147 2,520

115 110 .215 55

116 380 216 190

117 870 217 435

118 1,360 218 690

128 1,850 280 925

120 300 220 150

121 260 221 130

148 110 248 55

140 110 240 55

141 1,320 241 660

142 1,240 242 635

143 460 243 245

122 130 122 130

123 50 123 50

126 240 126 240

tc{

Fee Descriotion Fee paid

Surcharge - Late filing fee or oath

Surcharge - late provisional filing fee
or cover sheet

Non-English specification

For Filing a Request for Reexamination

Extension for reply within first month

Extension for reply within second month

Extention for reply within third month

Extension for reply within fourth month

Extension for reply within fifth month

Filing a brief in support of an appeal

Request for oral hearing

Terminal Disclaimer Fee

Petition to revive - unavoidable

Petition to revive - unintentional

Utility/Reissue issue fee (inc. advance

copies)

Design issue fee (inc. advance copies)

Petitions to the Commissioner

Petitions related to provisional applications

Submission of lnformation Disclosure

Statement

Recording each patent assignment per
property (times number of properties)

X

.*

Subtotal (3) $1,240.00

581

Other fee (specify)

2. [Xl Check Enclosed

FEE CALCULATION

1, BASIC FILING FEE

Large Entity Small Entity
Fee Fee Fee Fee
Code CI Code IU Fee Description

101 690 2O1 345 [ Utility Filing Fee

106 310 206 155 [ Design Filing Fee

108 690 208 345 [l Reissue Filing Fee

114 150 214 75 [l Prov. Filing Fee

Subtotal (1) $

2. EXTRACLAIM FEES

Number Priof'
Claims

Total

Indep.

Multiple Dependent Claims

Large Entity
Fee Feecode l$)
103 18

102 78

Small Entity
Fee Fee
code ($)

203 9

Extra Fee from Fee Paid'
Below

*x*=*
*x*=*

**
-'lnsert 3 and 20, or number prsviously paid if greater; Reissue see
below

104 260 204 130

109 78 209 39

Description

Claims in excess of 20

lndependent claims in excess
of3

Multiple Dependent Claim

Reissue Independent Claims
Over Original Patent

Reissue claims in excess of
20 and over original patent

' Subtotal (2) $

21018110

I

Signature

Date

Reg. No. 37.235

il'

Deposit Account No. 11-0982

193



PART B_ISSUE FEE TRANSMITTAL
j) "--'. 5c-

n

Receipt, the Patent, advance ordeFiffi6lification of maintenance fees will be mailed to the cunent for any other accompanying papers. Each additional paper, such as an
assignment orfomal drawing, must have ils ou/n certilicate of mailing.correspondence address as indicated unless corrected below or directed othenirdse in Block I , by (a)

CUBRENT CORRESPONDENCE ADDRESS (Note: Legibly mar'k up with any conections or use Elock 1)

Lt{1*./r-13S6
TJJINNEY & LANfif" P.A"
Tl{E l"';IHruEY Sr L&NI3E SilILIIINfr
31F SCiI-ITH THTAT} STftHET
f4INNH&FrlLIS tYtN 55415* I fifl?

lllLt(JF ?'rrcrlZ\-I'Tt.'.'.:-.:.'^.. .r rEl-lF,r rJE-.$TRU*TLIRE *,ISITAL SISNAL REf,EFTIftN f,lHvlf,[, 6lNF HI]II]ULH ANII
IYIETHfiT] THEREF*TI

Note: The certllicate of mailing below can only be used tor domestic
of the lssue Fee Transmittial. This certilicate cannot be used

Gertificate of Malling

I h€reby c€rtify that thls lssue Fee Transminal is being deposited with
the United-States Postal SeMce with sufficient postage for fitst class
mail In an Cnvelope addressed to the Box lssue Fee address above on
the date indicated below.

,-r l.,ges;t6: Box ISSUE FEEri-- Asslstant Commlssloner for Pb.--.ab
Washlngton, D.C.20231

MA'LING used for transmitting the ISSUE FEE. Blocks 1

All lurthercorrespondence including the lssue Feethrough 4 should be

specitying a new conespondence address; andor (b) indicating a separate'FEE ADDRESST for
maintenance fee notitications.

o
M4Y2320003

l'&./S?4" t$7 t.t/f'3/S? ilil$ FfifrURS" T :7* I |]3,/ *6/ * $

Flrst Named
Applicant

35 USI t.54tb'] term *xt. : L't lrays,

I f:364. *13*16 :3?.5*34S. |]*$ -Tt 1 UTILITY hlfi Slt1{r. ** *6/*6/**
1. Chang€ ol correspondence address or indication ol " Fee AddEss" (37 CFR 1,363).

Use ot PTO form(s) and Customer Numberare re@mmended, but not requircd. .

! Change of correspondence address (or Change of Coresponbence AOOress form
PTOlSBll22l attachod.

K "Fee Address' indication (or'Fee Address' Indication torm PTOISB/47) atbched.

r KINNEI| q-!4Nq-BeA.

4a. Th6 fotlowing fees are enclosed (make check payable to Commissioner
, of Patents and Trademarks):

E lssueFee

E Advanceorder-#of copi"t 10

2. For prlntlng onthe patent front page, list
(1) the names of up to 3 Ggistet€d patent
attom€ys or agents oR, altematively, (2)

the name of a single fim (having as a
member a registpred anomey or agent)
and the names ot up to 2 l€gister€d patent
attdmeys or agertts. lf no name ls listed, no
name wlll be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (pTlnt oT typE)
PLEASE NOTE: Unless an assignee is identified below, no assignee data ruill appear on the patont.
Inclusion of assignee datqis only appropiate when an assignment has been pr€viously submitted to
the PTO or is being submitted under separate cover. Completion of this torm is NOT a subsitilue for
filing an assignment.
(A) NAME OF ASSIGNEE'Frahce I'elecorn; I'elediffusion De Francer
(B) RESIDENCE: (CtW & STATE OR COUNTRY)

ab. T+a{cilori€g{e€€€. deficiency in these fees_should be charged to:

DEPostT AccotJxl l.ltlvsgs l- L -098 2
Paris, FRAI{CE, Paris, ,-ERANCE
rrease cheek me appropriate assignee category indicated below (will not be prlnted on the patenD

I individual E corporation or other private grcup entity fl govemment

{ENCLOSE AN EXTRA COPY OF THIS FORM)

to apply the lssue Fee to the application id€ntilied above.

NOTE; The

or agent; ol
trrademark

anyone ofher than the applicant; a
or other party in i4terest as shown by the records of the Patent and

Burden Hour Statemert'This form is estimated to take 0.2 hours to comilete. Time will vary
tlepending on the needs of the individual case. Any comments on the amount of time required
to complete this form should be sent to the Chiel Information Officer, Patent arid Trademark
Office, Washingrton, D.C.20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND FEES.AND THIS FORM TO: Box lssue Fee, Assistant Cornmissioner for
Pbtents, Washington D.C. 2023-1

Undit tne eaperuork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

0ffe|/t000 tffiCInru oooooool 0ttlEo?
0t F0rt{t
0[ FCr56t lglo.m $

30.00 lp

sr
PTOL-858 (REV.10-96) Approved lor use through 06re0/99. OMB 0651-0033 Patent and Trademark Offlcer U.S. DEPARTTIENT OF COMMERCE

194



r"'i?ao
iF.'t

t,
l_'...i.--..---
| :*.nqD srArEs D.:ljlfENr oF coMM;I Patent and Tradernark Office
I
I lddri=s: COMMTSS|ONEI9IpATEhnS ANoTRAo€fr
I' WashlrE(oo. O.C. 2O23r

TELEITIFTIFHISIHILE
THHH$F.I IS$ItIH
f TIUEH $HEET

t

BflTE:

TO:

't f ?rtx€a -f,

fr[p*'*^t* ry '

DK

NUMBER OF PRGES INCLUNIN6 THIS PRGE.

lF yOA $Bltf NOf EEElllfO FII Pfriff Of fflIS ffrr?NSMlS,flON, PIfFSf COmnCf
fsF ParAq' OffICf, ITIEfEil opEEEmr?:

tl pRTENT EHBMININS conps RND Rssr. coMMrssroNER.S oFFrcE,
TELEFAH U0ICELINE @ ?05-50S-t555; 0R IELEFRT{ MftCHINES @ ?05-509-5?[l B, 19, 20,08
IELEFRH l-0Cgtt0N: CRVsTflL pLffZR 9L06. J/4 g056

tr oTI{EH TELEcoptER NUMBER: .-.

trg r

[l parsirr ExAMTNTNG GRonp 260
TET,EFAX I4ACETNE e ?03_305_95Og
TELEFAX LOCATION: CRySTAI PARK BLDG. 2-BC4Z

(

(COMPRNY OR FIRMI

195



t3 / z? /,90 WED 10r54 FAX 7033086743

TRANSilISSION OK

TX/RX NO

CONNECTION TEL
SUBADDRESS

CONNECTION ID
ST. TIIM
USAGE T
PGS.
RESULT

****ss***!ts******s*sE
*** TX REPORT **s
**s***s*************8

usFT0 lYP 2730 @ oor

4955
916123396580

03/25 10:54
00'47

2

OK

196



UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER
OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

CHANGE OF ADDRESS/POWER OF ATTORNEY

FILE LOCATION 92OO SERIAL NUMBER 08894207 PATENT NUMBER

THE CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER #

THE PRACTITIONERS OF RECORD HAVE BEEN CHANGED TO CUSTOMER #

THE FEE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 164

ON 09/26/01 THE ADDRESS OF RECORD FOR CUSTOMER NUMBER 164

6 1 08388

164

164

IS:

KINNEY & LANGE, P.A.
THE KINNEY & LANGE BUILDING
312 SOUTH THIRD STREET
MINNEAPOLIS MN 55415- 1O02

AND THE PRACTITIONERS OF RECORD FOR CUSTOMER NUMBER 164 ARE:

26047 26316 90214 30514 372g5 37258 38142 99627 3g727 4358943667 43724 4597 1 46678 4681 1 47420

PTO INSTRUCTIONS: PLEASE TAKE THE FOLLOWING ACTION llJHEN THE
CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER NUMBER:
RECORD, ON THE NEXT AVAILABLE CONTENTS LINE OF THE FILE JACKET,,ADDRESS CHANGE TO CUSTOMER NUMBER' . LINE THROUGH THE OLD
ADDRESS ON THE FILE JACKET LABEL AND ENTER ONLY THE'CUSTOMER
NUMBER' AS THE NEtl, ADDRESS. FILE THIS LETTER IN THE FILE JACKET.
WHEN ABOVE CHANGES ARE ONLY TO FEE ADDRESS AND/OR PRACTITIONERS
OF RECORD, FILE LETTER IN THE FILE JACKET.
THIS FILE IS ASSIGNED TO GAU 2731.

PTO-FMD
TALBOT- 1/97

197



198



199



200



201



202



203



204



205



206



207



208



209



210



I

I

I

I

I

I

I

I

I

II K lf63Mt7/,qI I rr" r'*
I !$l|Iflfl$U|!|]$lflllllillllllltlllilnililffi[il ,.do]n r 1/oo",I
I nunx SHANNON LMrf ERROR . CORRECTING puBucArroN DarE: Z 3. 05. 93I

| ^, 
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' tt-ontr - Tbis paper deals with a new class of convolutional
| :*:. cal|enrylo--codes,wboseperformancesintermsof P'{o'=a/ar=€t'"dt-r=et-t}=P,{dr-,}=1/2(4)

I Pi, Error Rate (BER) are close to rie sHaNNoN iir"i;'1r; witi e is equal to

I j l concatenarion of K-l

| t E= I,Ti€; tnd.2 e =0,1. (5)

|assgciule,isThusthetre|lisstructureisidenricalforr}reRSC
|-."codeandrneNSCcodeandtlesetwocodesbavethesameI r.rr\irRoDucrroN iT;i:n::1lJilf:i:'n:,,iJ,:,-:',::n,#,?:I consider a binary rare P=l/Z convolutional encoder wiri RSC and NSC codes. This is rhe main clifference berween rheI ::".rrainr rengLh K and memory M=K-r. rrr" i"-p* ,"",rr" .wo codes.

| :tT:::::-T: 
t is a bit dpand the corresponding co<leword .. w!"n punctured code is considered, some ourput

I 
to rsrneDlnarycouple(Xt,Yr)witb bitsXlor Y1 aredeletedaccordingtoachosenprn.ruring

I x, = 1i's,,d*_ , nod.2 s,, = 0, r ,a) l}.flflf::X1r;J#Hf;,:n["ffi:,,,ff:fu:T ;
| ':: 

rdt€ 
^=l/z coce' 

Tr r ..r

I t =rtg.dr-, mnci.z g:i =0, r (1b) p - il :l
; where C1: {91 il, Gz: {gzi } are rtre two encoder generators, L^ wJ

| :'"'-"i:i:';:Tt*nf,i:n;e BER or a crassicar No,n| :n:::ll"'.,;:H,*'.".l1s;.i:*:fffi$?Tl[!: | [-7#ffi II iit.1}i;,"1T;ll,JJ",',iiifl$.ds.Jff*t",*; I "*=o* _;11--,_ffi 
|I coies'pioposedinthispaper,canbebetrerrhan,ireu"siNsc 

I | - 
u L--J i 'j | |; code at any SIVIR ror bigh tode rares. f I | |

| .,"^ l.binrry rare R=U2 RSC code is obtained from a | |

| il:'":?,T.".;'jl?;Jff1'il\,:Tlril',,fil:?ffil$ | i--
I loot: 

the shift register (memory) inpur is no longer the bit dg | ,,n. 1a crassicar Non sysr€rnaric cod€. Y1 
|

| :,r. 
t,r.a 

.na* 
binary, variable a1a. rf xk=dk lrespecuueti | 

'K' 'rvrr ev)ts{rtdtrs@ss. 
I

| :o=or)-, 
ue ourpur r1(resp. X/ is equal ro equadon (1b) | O* |

|t'.'p.lo)bysubstitutingirtoiarandthevariablea1is||
I recursively calculated.as I | ^* |

I ar=dl+E,r;at_; nad.2 @ | I ll7,;-----1 i I I
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I o, =ri'r,or_, nnd.2. (3) | 1.,. i I
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definerj bv generators c1=ll. cz=2t is depicted in 
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| ^uen-etallY, 
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Fig. 1a Classical Non Systernatic cod€.
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Fig. 1b Recursi.re Systematic code.
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II. PARALLEL CONCATENATION OF RSC CODES
With RSC codes, a new concatenation scheme,

called parallel concatenation can be used. In Fig. 2, an
example of two identical RSC codes witb parallel
concatenadon is sbown. Both elementary encoder (C1 and
C2.) inpua use the same bit d1 bur according to a different
sequence due to tle presence of an interleaver. For an input
bit sequence (d1), encoder o'rtpuls Xg and Yl at time t are
respectively equd to d1 (systemadc encoder) and to encoder
C1 output I11, or to encoder C2 output Y2p.lf the coded
outputs (Y*, YZ1) of encoders C1 and C2 are used
respectively n1 times and n2 times and so on, the encodgl Qt
rate .4 1 and encoder C2 rate R2 ue equal to

n f,rflL. ^ llt*tLt
Rr = 

-- 
Rz =:--, (6)

t^ + t7. lth * nt

xk

q
Recursive
Syste|rBft
Code (37,21)

K

c2
Recr.lrs;ve

Systecatic
Code (37,21 )

Fig.2 Recursive Systernaiic codes
with oarallel concat€nation.

The decoder DEC depicted in Fig. 3a, is made up of two
elementary decoders (DEC1 and DECZ) in a serial
concatenadon scbeme. Tbe frst elemenary decoder DECl is
associated witb tbe lower rate R1 encoder C1 and yields a
soft (weigbted) decision. Tbe enor bursts at $e decoder
DECl ou(put are scattered by the interleaver and tbe encoder
delay L1 is inserted to uke rhe decoder DECI delay inro
account. Parallel concatenaLion is a very attractive scheme
because bodr elemenury encoder and decoder use a single
frequency ciock.

For a discrete memoryless gaussian channel and a
binary modulation, the decoder DEC input is made up of a

couple R1 of rwo random variables.rl and y1, at time k
r, = (2d2 - l) + ir (1a)

tt = (2y, -t) + Qt, (1b)
where i1 and qk are two independent noises wi& fhe same

variance o3. m" redundant informarion y1 is demultiplexed
and sent to decoder DECI wben Yk=Ylkand toward decoder
DEC2 when ft =Yzt. When the redundant information of a

,t'
given encoder (C 1 or C2) is not emitted, tle corresponding
decoder input is set to zero. This is performed by dre
DEMUXANSERTION block.

It is well known that soft decoding is better tian
hard decoding, therefore the fust decoder DECl must deliver
to the second decoder DEC2 a weighted (sofO decision. Tbe
Logarirtrm of Likelibood Ratio (LLR), At(dt ) associated

with each decoded bit d1 by tbe first decoder DECI is a

relevant pi€ce of information for tbe second decoder DEC2

A,(dt) = be ?t1' = r=/,ob,t'*^iln]r. 
rgl- P'{dr =0/obsenation}

where Pyldp=i lobsemation), i = 0, I is the a posteriori
probabiliry (APP) of the data bit d1.

Ar (dr) 4r (dn) d n,%

L.at€rtcl : L I

Yrr

INSERTION

Fig. 3a Prinople oi the decoder acrording to
a s€riai concatenalion scheme.

Latency: L 2

Yzx

III. OPTI\lAL DECODING OF RSC CODES \\'I-fH
WEIGHTED DECISION

The VITERBI algorithm is an optimal d, :oding
method which r.",inimizes tre probabiliti' of sequence error
for convolutional codes. Unfonunately this algori$m is not
able to yield the APP for each decoded bit. A relevant
algoritim for this purpos€ has been proposed by BAHL er ai.

[1]. This algorit]rm minimizes the bit error probability in
decoding linear block and convolutional codes and yields the

APP for each decoded bit. For RSC codes, the BAHL er af'
algorithm must be modified in order to Eke into account their
recursive character.

fII - 1 Modifled BAHL e/ a/. algorithm for RSC codes

Consider a RSC code with consuaint lengtb K; at

time t the encoder state 51 is represented by a K-uple

St = (ar,dr-r.......ar-x* ). (9)

Also suppose that t-he informadon bit sequence {d1} is made

up of N independent bia d1, taking values 0 and I witb equal

probability and that the encoder initial state Sg and final sue
5,y are both equal to zero, i.e

50 = Sw= (0, 0......0) = 0. (10)

The encoder output codeword sequence, noted

Cl = {Ct....... Ct........ Cplis the input to a discrete

gaussian memoryless channel whose output is the sequenc€

nf = f n,....... Rr........ Rn / where R1=(r1,y/ is defined by

relations (7a) and (7b).

213



The APP of a decoded dau bit dp can be <lerived

from the joinr probabitiry lir(m) defined by

Iirlm)= 4{0, --r,S1 = m/Ri} (n)
and hus, the APP of a decoded daa bit d1 is equal to

I',,(m),i=0,1 (12)

From relations (8) and (i2), rne LLR 
^ 

(dr ) associated wirh
a deroded bit d1 can be written as

Z Al(m)
A(dk) = ior;N-,^). 03)

n
Finally rhe decoder can make a decision by comparing
A(dL) to a threshold equal to zero

2r=t tf A(dk)>0

a, tf A(dk)<0. (14)

(16)

T;(&,m',m)= P,{dr =i,Rt,51 --ml.!r_, =rn')}. Oil
The joint probabilir;' ),'rtm) can be re*ritren usin! BAIT'S
ru le

7'1r( t''1 =

Thus we obain

. (r8)

In order to compute the probability lir{m),let us introduce
rhe probabiliry functions ait 

^l , Fr(m) and y,( Rr, n', m)

;. P,{do=i,Sr=^,Rfl ra'r(m) =-ff p,ld, =i,Sp =a1pk1' ttslP,lRi ) ( -

R r.-r-''{*!"/sk=nJlJk(m) = ---!--z-;-' p,{n!",r ni }

channel and ransidon probabilities of tie encoder rellis.
From relation (17), y,(Rr,ml:n) is given by

T;(Rt,,n',m) = p(R,/d2 =i,5r = nl.52_, = n1'S

Q(dr = i/ Sk = rn, S1-1 = n')it(St = m/ St _r = m') (23)
where fl./.) is the uansidon probability of rhe discrere
gaussian memoryless channel. Conditionally ro
(dp = ;, St = tn, St.l = m), rkau;rd yt are two uncorrelated
gaussian rariables and thus we obtain

P(Rr/d, -i,St =rn,Sr-r =m')=
P(x2/d, =i,Sr -- m,St -r =fi')

P(Yk/dk =i,Sr = m,Sr-t=ttr'). (24)
Since the convolutional encoder is a deterministic macbine,
Q(dt = i / Sy = fi, S2-, = 1'1 is equal to 0 or l. The
transition state probabilities z(.S, = m/Sp-1 = m') of the
trellis are defined by the encoder input sutistic.
Generally,P, {a, =t} = P,{dr =0} =1/2 and since Oere
are two possible tran si tion s fro m each
sute, ;r(5, = m / 51 -1 = m') = | /2 for each of these
transirions.

Different steps of modified BAHL er a/. algorithm
-Step 0 : Probabiliries a;(m) and Ftt(m) ue

initialized according to reladon (12)

a's(O)=l air(m)=0 Vmx0, i=0,1
pN(O)=1 fru(m)=0 Vm*0.

(25a)

(zsb )
-Step 1 : For each obsen,adon Rp, rhe probabilities

ai(n) 'ar'd '1;(R1,,m',nt) are compued using relarions (21)
and (23) respecdvely.

-Step ?:When rhe sequence Rf has been
compler:i',' received, probabilides p y( n) are compued using

relation (22), and probabilities a'r(m) and Br(m) ate

multiplied in order to obtain Airlm). Finally the LLR
associated wiri each decoded bit dp is computed from
relarion ( 13).

fv". Tt{E EXTRI,iSIC INFOR]\{ATION OF THE RSC
DECODER

In this chapter, we will show that $e LLR A(dLl
a-ssociated with each decoded bit d1 , is the sum of the LLR
of dpat rhe decoder inpur and of another informarion called
e.rrinsic informarion, generated by the decoder.
Using tie LLR A(dd definidon (13) and retations (20) and
(21), we obtain

I

A(dr) = Log
E E t TJ Rt, m', m)al -r( n' )Fr(n)
m a' j=Q

(26 )
E t t ys(Rr,6',m)al-r(n')Ft(n)
a n'i=0

Since tie encoder is sysremaric (Xt = dD, the uansirion
probabilit;- p(ty / d2 = i, Sr = m, Sr-r = m') in expression

/,( Ry,m', m) is independenr of sra(e values Sg and 51_1.

Tberefore we can factorize tiis transirion probability in rtre
nLrmerator and in the denominaror of relation (26)

e,{d,=irnl}=2

,]dt = i,St -- m, nf , nJ,{
p

n';",, t nf ]1

Ri,Rl,,/{
p

ti, p,{ar =i,Sr = ^,Rf I
"x \ ". | -------------- 

--

P'{^f }

t E t Lri(&,m',m)att-t(m')
n a'i=0j=0

I

L.I ^/;( &*r, n, m')0t,r(m')

Taliing inro account thar events afrer time t .. 
tl3l

influenced by observation Rf and bir d1 if stare 51 is known,
tlre probabiiiA 1l(n) is e4uai

lir{m) = a'r(n)Br1n). (20)
Tbe probabiliries ai(n) and p1(n) can be recursively
calculated from probabllity y,(Rr,m.,m). From annex I, we
obtain

I

E Efi(Rrm,,m)di_t(m,)
a'1(m) =

and

9t(m) =

(21)

The probability 7,(Rr, m,,m) can be derermine<J from
transidon probabiliries of the discrete gaussian memon-less

P,t^!-,/d, = i,gr
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frr (dr)

feedback lo

fr,(dn)

Yrr

Yk iril
,7,7

DEMU}7
INSERTION

Fig. 3b Feedback decoder (under 0 intarnal delay assumgtion).

decoded output
A

dp

A(d,)=1nnP(x*/dt=l) *
P(xr/dL =0)

V-l Decoding with a feedback loop
We consider now rlat bor-b decoders DECI and

DEC2 use tle modified BAHL er a/. algorithm. We have
seen in Section IV that $e LLR at rhe decoder output can be
expressed 1s a sum of two terms if the decoder inputs were
independent. Hence if the decoder DEC2 inpus A1(dl and
yzk ate independent, the LLR AZ@r) ar rhe decoder DEC2
output can be writte n as

A2(dt) = f(Ar(dr))+W"t (30)
with

Log
t E t lr(lt,m',m)a|-t(m')Ft(m)
m m' j=Q

:
I

L E t To(lt,7n',m)att-t(m')fr/m)
mm'j4

(27 )

Conditionally to dp =l (resp. dt=0), variables x,k arc
gaussian wirh mean 1 (resp. -l) and variance o2, tius the
LLR A (d/ is srili e4ual to

A(dt)=$x,+w, (28)

where

Wt = A(dt)
I

E 2 I rt( lt, m', m)ait -J n' )F { m)
m m' i=0

. (29)
L Z E To(yt,m',m)atr-r(n')p2(n)
m m' j=0

lV1 is a tuncrion of be redundant information inroduced by
the encoder. In general tV1 bas rhe sa:ne sign as dp; therefore
Wpma! imprcve rhe LLR associated witb each deroded dau
bit d1. This quantity represents tbe exrinsic information
supplied by t-be decoder and does not depend on decoder
input .r1. Tbis property will be used for decoding the two
parallei concatenated encoders.

V. DECODING SCI{E]\{E OF PARALLEL
CONCATENATION CODES

In the decoding scheme represenred in Fig. 3a,
decoder DECl compures .LLR Ar(dr) for each transmitted
bit dl from sequences (r1] and (y1), then rhe decoder DEC2
performs tbe decoding of sequence{dpl from sequences
tAr(dd) and tyr). Decoder DECI uses rhe modified BAHL
et a/. algorithm and decoder DEC2 may use t}re VITERBI
aJgorirhm. Tbe global decoding rule is not optimal because
the first decoder uses only a fraction of the available
redundant informadon. Therefore it is possible to improve tie
performance of this serial decoder by using a ieedbaik loop.

(31)

From relation (29), we can see tiar the decoder DEC2
exrinsic information W21 is a function of the sequence

{Ar(dnJ}n+r. Since A r(dn) depends on observarionRf ,

extrinsic information !Y21 is correlated wirh observarions -r1

and ytr. Nevenheless from reladon (29), rhe grearer I n-t I is.

tbe less correlated ue h1@) and observadons rk, yp. Tbus,
due to the presence of interieaving berween decoders DECI
and DEC2, extrinsic information W22 and observations.rg
y* arc weakly conelated. Therefore extrinsic information
lY2pand observarionsrt, )lk can be joinrly used for carrying
out a new decoding of bit d1, the extrinsic informarion

zk= W2* acting as a diversity effect in an iterarive process.

In Fig. 3b, we have depicted a new decoding scbeme
using tle exrinsic informarion W2k geneftied by decoder
DEC2 in a feedback loop, This decoder does not take into
account tie different delays introduced by decoder DECI
and DEC2 and a more reaiisric decoding srrucrure will be
presented later.

Tbe hrst decoder DECI now bas three data inputs,

(xt, ytk, zd and probabilities air(n) and|u(m) ue
computed in substituting Rp ={.r1, yrt} by Rt=$6 ylt, d in
relations (21) and (22). Taking inro accounr r.bat z1 is weakJy

correlated wi$ 4 and ytf and supgnsing that z1 can be

approximated by a gaussian variable with variance o2, * o2 ,

the transition probability of the discrete gaussian memoryless
channel can be now factored in thre€ rcrms

At(di)= $r, *w,,
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p(Rk/dk =i,St =ln,5r-r =m')= p(xr/.)p(yr/.)p(+/.) (SZ)
The encoder C1 with inirial rate R1, through the feedback
loop, is now equiva.lent to a rate R'1 encoder with

p" --&-' l+R1
The first decoder obtains an additional redundant information
witi r& $at may significantly improve its performances; rhe
term Turbo-codes is given for tJris iteradve decoder scheme
wit}l reference to rhe turbo engine principle.
With tie feedback decoder. the LLR At@il generated by
decoder DECI is now equal to

At(dk)=*rr*jzr*w,r
where W1p depends on sequence (z,rln11. As indicated
above, informadon z1 has been built by decoder DEC2 at the
previous decoding step. Therefore e& must not be used as
input informarion for decoder DEC2. Thus decoder DEC2
input sequences at srep p (p >2) will be sequences
f- t

lAt(d,)/and {yx1) wirh

Ar(d,) = Aldn)r.=0. (35)

Finally from relation (30), decoder DEC2 exrinsic
information zk= W2k, after deinterleaving, can be written as

Zt =W2t = A2(d2)l i,1a,1=s ,?6)

and the decision ar rhe decoder DEC outpur is

io = til.n[r\r(dr)]. Gll
The decoding delays inuoduced by decoder D E C
(DEC=DEC1+DEC2), tie interleaver and the deinterleaver
rnpiy tiat tre feedback inforniation it musl be used t]rrough
an iteradve proc€.ss as represented in Fig. 4a, 4b. ln fact, the
glooal decoder circuir is composed of p pipelined idendcal
elemenary decoders (Fig. aa). Tbe pth decoder DEC
Gig. ab) input, is made up of demodularor oueur sequences
(.r)o and ()')p througl a delay line and of extrinsic informadon
(e)p generated by r-be @-t)rl decoder DEC. Note that the

variance oi of the exrinsic information and rhe variance of
Alar) musr b€ esrisrated ar each decoding srep p.

V.2 Interleavine
The interleaver uses a squati marrix and birs {d1J

are written row by row and read pseudo-randomly. This non_
uniform reading rule is able to spread dre residual error
blocks of recangular form, that tnay s€t up in tie interleaver
located behind the firsr decoder DEC1, and ro give rhe
greaer free distance as possible to lhe concatenated (parallel)
code.

VI. RESULTS
For a rate R=1/2 encoder with consrraint lengt .K=5,

generators Gf37, GZ=21 and parallel concatenation
(RrRz-213), we bave compurcd tie Bit Error Rare (BER)
after each decoding step using rbe N{onte Carlo merhod, as a
funcdon of signal to noise rauc E6/Ng where 66 is r}e
energy received per information bit d1 and l/9 is rhe noise
monolateral power spectral density. The interleaver consists
of a 256x256 marrix and the modified BAHL er al. algorirhm
has been used witlr length dara block of N=65536 bits. In

order to evaluate a BER equal ro l0-5, we have considered
l?3 C,aablocks i.e. approximarively 8 x106 bis d1. Tbe BER
versus E6lff9, for differenr values of p is ploued in Fig. 5.

For any given signal to noise rado grearer tian 0 dB, the BER
decreases as a function of tbe decoding step p. Tbe coding
gain is fairly high for the first va.lues of p (p=1,2,3) and
carries on increasing for tbe subsequent values of p. For g 18

for instance, tre BER is lower than l0-5 ar E6/N6=0,7 dB.
Remember tbar the Sbannon limit for a binary modu-lation

with R=l/Z, is Pr= 0 (several autiors take Pr=10-) as a

referencc) for E6/N6= 0 dB. Wi& parallel concatenarion of
RSC convolutional codes and feedback decoding, the
performances are at 0,7 dB from Shannon's limir-

Ttre influence of tbe constraint lengt-h on the BER
has also been examined. For K greater than 5, at
E6/N6= 0,7 dB, the BER is sligbrly worsr ar rhe f-rst (p=1)
decoding step and the feedback decoding is inefficient ro
improve the final BER. For K smaller than 5, ar

E6/N6= 0,7 dB, r-be BER is sligltly beuer at the lust
decoding step than for K equal to 5, but tbe corection
capacity of encoders C1 and C2 is too weak to improve the
BER with feedback decoding. For K=4 (i.e. 8-sute
elementary decoders) and after ieradon 18, a BER of l0-5 is

acbieved at E6/Ng = 0,9 dB. For K equal to 5, we have tested

several generators (G1, G2 ) and the best results were
achieved with 61=Jl, Gz=21.

(33)

(3q)

(r);

Frorn 0),

{d ti decoded,;,
" 1 "2 Oubut r-' 

P

Fig. 4a Modular pipelined decoder, corraspording to an
iterative proc€ssus ol th6 fesdback decoding.

Fig. 4b Decociing module (leval p).

(rLr
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Fig. 5 Binary €rror rat€ given by iterativs decoding (p='l ,...,18)
ol code ol lig.2 (rate:'l12); intedeaving 256x256.

Eb/No (dB)

For low signa.l to noise rados, we bave sometlmes noticeO
ttrat BER could increase during the iterative decoding
process. In order [o overcome t.bis effect, we bave divided the

exrrinsic informarion zk by I t + elArlarll Jwir]r 0 = 0,15.

In Fig. 6, the hisrogram of extrinsic informadon (z)O

has bern drawn for several values of iaradon p, with all data
bits equal to I and for a low signal to noise ratio
(86/N6= 0,8 dB). For p=1 (first irerarion), exuinsic
informadon (z)p is very poor about bit d1, funhermore lbe
gaussian hypothesis made above for exrinsic informadon
(lJp, is not satisfied! Neverrheiess when ieradon p increases,
tbe histogram merges towards a gaussian law wiri a mean
equal to l. For instance, forpl3, extrinsic informadon (z)e
becomes relevant information concerninq dara birs.

Vtr CONCLUSION
In this paper, we bave presented a new class of

con volu tional codes called Tu r b o - c od e s wbose performan ces

in lerms of BER are yery close to SHANNON's limit. Tbe
decoder is made up of P pipelined identical elemenury
modules and rank p elementary module uses the dau
information coming from t-he demodulator and the extrinsic
information generated by the rank (pJ) module. Each
elementary module uses a modified BAHL et al. algoritbm
which is ratier complex. A much simpler aJgoritim yielding
weighted (sof) decisions bas also been investigated for
Turbo-codes decoding [2], whose complexity is only twice
the complexity of the VITERBI algorittrm, and witi
performances which are very close to bose of Oe BAHL er

c/. atgorithm. This new algorithm will enable encoders and
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decoders to be integrated in silicon wirh error correcting
performances unmatched at the present time.

,q,.ir^NEX I : EVALUATION OF PROBABILITIES

AND p1(n) .

From relation (15) probabitiry a'r(n) is equal to

aL(n)

' (At)

er{n,rnla} = II, ,{ ,_t_/,r*,, 
m'fla!-,(m'). (A6)

Finatly probability aL(m) can be expressed from probability

a', -r( m) by the following relation

a'r(m) =

I

E Iri(4,m'm)alq(m')
^' 

j=o (A7)tt
tt i iy;(Rt,m' m)ai-r(m' )

Ft(m) = . ( At})

m a, i=0 j.O

In the same way, probability Ft ( rn) can be recursively
calculated from probability Ft+t (n). From reladon (16), we

have

. P, {R!-, / st = ml
Pt(m) =-7;;---#-=

P,lRt,"/ Rf I

t. t^P,{dr*, = i St*r = n\' R{*2,R2*1/ 52 = m}
. (48)

e,{a{., t nf }
By using BAYES rule, the numerator is equal to

P,[R|.,/sk = m] = I,irf {a!.,rsr*, = ^'}
Pr{drr, = i,St*t = m,'Rk*t/Sk = m}' (A9)

By uking into account expressions of y;(Rt., 1,r4m) and

Ft*t (rn), we can write
I

I I f i(Rr*t,m,m')pr,r(m')
F';-n

o lp rpLl

in subsdtuting k by (f +1) in reladon (A6), the denominator
of (A10) is equd to

Pr{Rr*, / Rfl = tt ; Lr,(^r*,,m' n)a't(m' ). rAIt)
n n' i-A j=0

Finally probability p1 (n)can be expressed frcm probability

Ft*t (rn), by tie following relatjon

Fr(m) =

I

E f Ti(Rt *t,m,m')pr,t(m')
a'i=0

expressed from sate 5x-1

t

The numeraror of ai (m) can be

and bit d1 -1.

Pr{dr =i,51 = 7x, Rk/Rf -t} =

-.j.^r,I Zrr,ld, =i,dr-t =i,Sr =m, Sr_r =m',Rt/Rf-rlr teZl

By using BAYES rule, we can wnte
rr{a, =i,St = n,Rr/nf -\}=

f,{d, = i, 51 = m, Rr /dr-, = j, Sr-r = r', Rf -t }. tlSl
By uking into account that events after rime (&-l) are not
influenced by observation Rf -l and bir dp-1if. sute S1-1 is
known and from relarion (i7) we obtain

rr{a, =i,Sr -- m,Rr/Rf-t} =

E i rlnr,m' m)c,i-im, ). (A4)

Tbe denominator can;-il" expressed from bit dp and sate
,lr

r, {ar t n!-t } = 1,t, 
rr {a, =r, sr = /n, Rr /Ri-r } t nsl

and frorn relation (A4), we can wrie :

[,t t I"l;(Rt*r,m' m)a'2(m' )

(At2)

n a, i-0 j=0
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The Viterbi equalizer is effective for frequency

selective fading in digital mobile qemmunication, but as

the multipath component ProPagation delay time differ-

ence increases, the number of states increases exponeo:

tiaily and the compulation amount i-ncreases drastically'

Combining the Viterbi equalizer and interference reduc-

tion operation based on the equalization result, this paper

proposes a new type of Viterbi equalizer with iterative

equalization. It can expand the equalizable range without

increasi-ng rhe uumber of states. Computer simulation

result shows that its performance is better than thal of a

conventional one.

Key words: Adaptive equalizer; Viteri equalizer;

i te rative equa I i zation ;l frequency -selective fading ; di gital

mobile communication.

1. Introduction

Digital mobile communicalion is very close to being

realizel. To meet the requirement for communication

varieties and advanced services, higher-speed digital

mobile communication must be realized in the furure'

Radio propagation in the urban area becomes multi-

path due to reflection and diffraction by surrounding

buiidings. if transmission speed is increased under this

propagation environment, delay time difference of multi-

path compooent becomes nonnegligible compared to the

ir*smis.ioo signal symbol intewal, and communication

quality degradation due to frequency selective fading

becomes remarkable.

To realize high'speed digital mobile communication'

this frequency selective fadi-ng must be overcome and

hence the anti-multipath modulation system Il], adaptive

equalizer [2], and so oo' are being studied' However' the

anti-multipath modulation system is effective only when

the delay time difference is 0'5 or within 1 symbol length'

On the one hand, in the area where a receiver point

can observe mountains or trills there can be delayed

components with a delay time difference of 20 ps or

.or". If high-speed digital mobile comrnunication with

around 512 kbit/s is applied in such an area' delayed

componeots of 10-bit length must be overcome'

For this reason attention is being paid to the adaptive

equalizer, which is effective for long-delayed components'

Decisiou Feedback Equalizer (DFE) and Viterbi Equalizrr

(VE) are typical adaptive equalizers t3' 4l' VE with

maximum likelihood sequence estimation is expected to

give a perforrnance superior to that of DFE, but as the

Jelay time difference increases, the number of states for

Viterbi algonthm increases exponentially and its realiza-

tion becomes difficult.

To suppress this increase in the number of states,

various proposals have been made. However, the metbod

of usLng linear equalizers [5, 6] tends to increase tbe

ISSN8756-662 t /94/0004-0 I 03
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noise. The method of using DFE [7] can suppress this
noise, but the performance tends to deteriorate due to
error propagation. For this reasoo, DDFSE (Delayed
Decision Feedback Sequence Estimation) [8], RSSE
(Reduced-State Sequence Estimation) [9], etc., have been
proposed. By referring to the path history of Viterbi
algorithm, DDFSE and RSSE can reduce the effect of
delayed components wtrich exceed the equalizable range
of the Viterbi equalizer. The application of DDFSE to
mobile courmunication is mentioned in [10].

In this paper a simple and practical method modi-
ling the Viterbi equalizer to deal with a longer multipath
delay time without increasing the number of states is
proposed Il]. It equalizes the channel by applying the
Viterbi algorithm iteratively after canceling the effect of
longer delayed multipath components based on an esti-
mated sequence in the previous step. Although its com-
putational amount is large compared with conventional
methods, the equalization performance can be improved
for longer delayed components.

2. Principle

The proposed method extends tbe equalizable range
without increasing tbe number of states by reducing the

effect of longer delayed components with delay time
difference exceeding the equalizable range of VE. A
received signal is a convolution of transmitted signals,
transmitter/receiver filter, and impulse respons€ of propa-
gation path (hereafter they are referred to as "delay
prohle'). Therefore, if a correct transmission s€quence
and delay proFrle are obtained, the effect of longer
delayed multipath components exceeding the equalizable
range of VE can be eliminated. However, since the
received sequence and delay profile estimated at the
receiver side are not accurate, their effect cannot com-
pletely be eliminated. By iteratively applying the equal-
ization, the proposed method improves the accuracy in
elim-rnating the effect of longer delayed components and
attempts to improve the performance.

Specifically, after the effect of longer delayed com-
ponents is reduced by using the information symbol
sequence {al} estimated with the rnaximum likelihood by
VE, the maximum likelihood estimation again is applied
by VE.

Let {al} be this estimated sequence. Then, it is
expected that the symbol error rate of {gl} is better than
that of {a}}. Furthermore, by using (af}, t}reinterference
is reduced and i4) is obtained. As mentioned later, the
location of errors tends to vary at each iteration, abd

, J.

Iail

VE : Viterbi equalizer

Mod : Modulator

@ : Convolution

Fig. l. Flow of signal processing of the proposed

method (n : 3).

hence t-bere is a possibility that based on these sequences

a sequeoce with fewer error rates can be generated. For
this purpose the majority function is applied in this paper.

Hereafter, let n be the number of VE applications.
As for the Bit Error Rate, the BER when a symbol is
Gray-encoded is calculated. Figure I shows the flow of
signal processing of the proposed method for n = 3. The

case of r : I corrqsponds to the ordinary VE. As shown

in this figure, the processing for reducrng tbe effect of
longer delayed components is applied only by usilg the

part exceeding the equalizable range of estimated profile.

[n this study, VE is operated by using delayed

compooents within nr-symbol delay, and the effect of
delayed components within l-symbol delay (m < L) is

reduced by using the preceding e4ualizatioo result. Simr-

lar operation is applied also to DDFSE, which is to be

compared with, by referring to path history.

The operation of reducing the effect of longer

delayed components is as follows:

Majoriry
fu ncrion

tltlttII
o
Ourput

v,Q) : u Q) - t' bi h' (t * tI')
(k:1,2,3, "', n-I)

,,, .\ t h(t) mT'{t < LT'
a tr/:t o otherwise

Here, y(t) is the received signal and y*(r) is the signal with

the effect of longer delayed components being reduced;

/r(r) is the delay profrle estimated at tbe receiver; {Df is

(l)

ta\
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Items Feafures

Modulation svstem r/4-shift QPSK

Demodulation system Quasi-coherent detection

Transmitter/receiver fi lter Gaussian Filter (B7" = 1.0)

Training se4uence 00100 l01l100001000100 l0l l l

Data length 58 symbol X 2

Propagation path Static 2-compooent multipath model

mandL m=2andL=5

Table l. Simulation parameters

the complex baseband signal sequence obtained by modu-
lating {a}; and f, is the symbol width. With z'i4-shift
QPSK modulation system, which is used in later computer
simulation, four symbols of af are Gray-encoded as 00,
01, 11, and 10, and associated b,f is assumed to be (l +
J)\JT, (-r + J)t,l-z, (r - DtJz, nd (r - )/.,[2 when i is

odd, and -1, and y when i is even.

As understood from Eq. (l), yr(r) is obtained
directly from the received signal yO, not from )r_r(r).
Therefore, there is no noise addition. The decoding by
VE is applied to yr(r) calculated in this way ana iaf 

+t) is
obtained. Final decodi::g result is obtained by applying
majority tunction to {ai'z), {ci-t} ana (ai} for n 2 3,
and is {al} for n : 2. This majority function is applied
on bit-by-bit basis to Gray-encoded symbols, just as in the
calculation of the error rate.

3. Computer Simulation

Table I shows the parameters used in the computer
simulation. As shown in Fig. 2, one TDMA timeslot
consists of a pair of inforrration symbol sequeoces, a
training sequence i-n between, head symbols, and tail
symbols. There are five symbols in the head, and as

many symbols as required for state convergence are added
in the tail. The estimation of delay profile is done for
each timeslot by the correlated reception of the training
sequeuce [12]. The delay profile obtained by this cor-
related receptioo is used dirertly as l(r).

The simulation is carried out at an equivalent base-
band system and thermal noise is assumed. Gaussian

trtd tt

lnf. : In{ormation

Fig. 2. TDMA timeslot strucfure.

filters with BT, : 1.9 (B{ is the 3-dB bandwidth normal-
ized by the transmission symbol rate) are used for both
transmitter ald receiver filters. it is assumed that tbere

is no frequency shift befween receiving frequency and

transmi ttin g frequency.

The z'l4-shift QPSK is used as a modulation system

and quasi-cohereqt detection is applied. The qrrnsi-

coherent detection is applied because we can get to know
the phase of the received signal from delay profile
estimation and the phase can be corrected. Static 2-
component multipath propagation model is usel as a

propagation path. Its impulse response is given by

h r( t) : 4o5( l) + Au,D( I - r) e" (3)

Here, 6(t) is the delta firnction, l, is the amplirude
of leading compooent D signal, l, is the amplirude of
delayed componeot U signal, r is the delay time
difference berween D and U signals, and d is the carrier
phase difference between D and U signals. The number
of states in the used VE is l6(m = 2) and L = 5. As a
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16-state VE
t

ta?i

lff! -4
Dru- 0 d8

tv

tu/No(dB)

3. Comparison of BER vs. E6lNs curyes.
(DiU : 0 dB)

result, the equalization effect is obtained in the range

rlT, < 5. The sample position is located at the peak

position of the D signal in the delay profile, and'one
sample is sampled for one symbol. Values averaged over
carrier phase difference t' are shown.

4. Results of Computer Simulation

Basic characteristic

First, BER of symbol sequence {ci}beforeapplica-
tion of the majority function is discussed. Figures 3 and

4 show the BER vs. EolNs characteristics forD/U = 0 dB

and 5 dB. Since it is assumed tbat rlTr: 4, zufficient
equalization is not obtained by 16-state VE (n = l). As

n is increased, BER characteristics improve. ln case of
DIU : 0 dB shown in Fig. 3, a floor of BER, or a flat
area of BER, is observed at a high range of E6lN6. By
contrast, no floor is observed in case of DlU = 5 dB

shown in Fig. 4, and an exceilent characteristic is

obtarned.

Performance of proposed method

In tbe precediog section the characteristic with no
majority function is shown. ln succeeding sections the

cbaracteristics with majority function are studied.

L.)
O {n-

/n

s.)I 1o-

tn

10
Eu/No(dB)

Comparison of BER vs. E6lNe curyes.
(DlU : 5 dB)

Figure 5 shows the characteristic of BER vs. DIU of
the proposed method, where the condition of t/7, : 4

and E6lNs: 10, a propagation environment which cannot

be equalized by a l6-state VE is considered. Bener per-

formances are obtained both for n : 4 and n = 8 com-

pared with those by 16-state VE. As D/U becomes large,

or delayed components become weak, differences in the

characteristicsforn = 4and forn = 8 become small.

The characteristic for DDFSE is located befweeu those for
n : 4 and n : 8.

From Fig. 5 it is observed that DIU of about 5 dB

or more is required for the proposed method and DDFSE
to obtain BER of around iO-3 under this condition. Thus,

the proposed method is effective iu case delayed com-

ponents are somewhat weak compared to leading com-

pooents. For this reason, DllJ is set to be 5 dB in the

computer simulation thereafter.

Figure 6 is tbe BER vs. Erl Ns characteristic for

rlT, :4. For n 2. 4, the performances for the proposed

method are better than those for DDFSE. Compared w'ith

Fig. 4, the performance.s for n : 3 and n = 4 are

improved by the majority function. This is because the

error locations due to longer clelayed componeots, in

priaciple, tend to be different for \a!'2\, 1ai't), ana 1ai).
For example, on the basis of the i-th symbol of the

preceiing e4ualizalion result, the interfereoce is reduce<i

at the locations from the I + m + l-th to j + L-th

symbols according to Eq. (2). Thus, the effect of the
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051015202530
D/U (dB)

Fig. 5. Comparison of BER vs. D/U curyes.

Fig. 6. Comparison of BER vs. E /ffs curyes.
(rlT, : 41

error of a symbol becomes effective at locations a few
symbols later. Therefore, tbe effect of majority function
app€rs in the propagation environment where longer
delayed components (m < rlT, < L) exist.

Figure 7 shows an example of majority function.
This is a part of the simulation result for rlT, = d,
Ebl No = l0 dB, DIU = 5 dB, and n = 3, and an error

Transmitted symbols
l 20333 | 3023 32 I I 2003032J003720

, l.
{ai) r 20333 r 30813 32 r r 200[Jru23003220
,;.
{afJ r 20333 r 3ozi320r 2003032308i220

{afJ r 20333 r 3 oz332r r 20030323003220

! I Majority funcrion\-/
t20333 l 3023 32 I I 20030123003220

0: Error symbol

Fig. 7. Effect of majority function.

symbol is marked by a square. It is observed that the

number of error symbols decreases while changing their
locations. The movement width of error locations is four
symbols, which coincides with the delay time difference.

Thus, the re3son for error location movement and tbe

effectiveness ef majority function are confirmed.

By contrast, any performance improvement due to
majority function is not observed for n : 6 and n : 8.

At this stage, most errors are caused by the noise and the

error locations are identical. As a result, no improvement
is expected by the majority functioo. For the case o[
DIU = 5 dB, the performance improvement with n tends

to be safurated at around n = 6. The characteristic

indicated by 'correct cancellation' in Fig, 6 is the BER
characteristic of {c,?} for the case where transmitted
symbol sequeuce is used as {a,l}. This characteristic and

the characteristic for n 2 6 agree well. By applyirg
iterative e4ualization, the proposed method is almost not
affected by the effect of error propagation.

Figure 8 shows BER vs. rlT, ch.aracteristic, where

DIU is 5 dB and n = 4 for the proposed method. Cbar-
acteristics for DDFSE, 16-state VE, 64-state VE, and

1024-state VE also are shown. The proposed method and

DDFSE can e4ualize a wider range than 16-state and 64-

state VEs. Since E5lNs is low, i.e., 10 dB and n is small,
i.e., 4, the proposed method is only slightly better than

DDFSE. This difference increases if n and EolNs are

taken large, considering Fig. 6. On the one hand, in the

raoge of rlT, < 2, where no interference reduction is

required, the performance of the proposed method is

worse than those of l6-state and 64-state VEs. Figure 9
shows BER vs. E /Ns characteristics for such shorter
delayed componenh, where r/{ : t. In the range of
small delay time difference, the performance deterioration
it Eul Ns is shorvn to be about I dB. This is because
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10

ErAo- 1OdB

Dru, 5 dB

1024-state VE

1 6-state VE -:.^.-.:,.t;..,r:t:.,-
64-state VE +..-

34
r/ ls

8. Comparison of BER vs. ilT, curves.

uonecessary interference reduction operation increases the
effect of, delay profile estimation error.

5. Computational Complexity

Generally, the computation amount depends on how
much memor,v size is used. In this paper, it is assumed

tbat sufficient memory is available. With the static 2-
component model used in this computer simulation, ft(t)
is constant within a timeslot. ln this case the computation
arnount required for branchmetric calculation can be

reduced sigmficantly. ln an actual propagation environ-
ment, however, h(t) is not conslant, and hence we assume

only for evaluating the computation amount that fr(l)
varies within a timeslot. Therefore, the increase in
brancbmetric computation amount is raken ilto account,
but the computation amount for updating l(r) itself is not
taken into account.

Path history operation and related procedures, and

integer operation, which depend greatly on implementa-
tion, are not evaluated. In calculating the branchmetric of
Viterbi equalization for the third time and thereafter,
reduction amount fbfn'g - i{) at time r for reducing

interference is recalculated ouly when the amount is
dilferent from the preceding amount, and preceding

branchmetric remaining in the memory is again used when
the amount is the same.

r DDFSE
./\ Proposed method

. n-2

. n-3
r p-4
. n-8

.1
,/

6-state vE
1fir-1
oru- 5 dB

c,

L-)I 10-
q)

=rn
.J

10

o)

v.)I 10-
o
.=

.J
1n

n
IU

1dt

-4

10

10
Eu/No(dB)

Fig. 9. Comparison of BER vs. E6lN9 curves.
(rlT, : 11.

Now, consider the/-th equali"qtion' As understood

from Eq. (1), if one symbol of {b/-'} is different from

{}/'2}, tne $mashmetric of L - m symbols must be re-

calculated. The maximum probability that lb/-tl is varied

is 2(P aER, i-z * P aER, j-r), where PsEi?, ; is the BER at the

7-th equation. Since two bits constitute one symbol, a

coefficient 2 is multiplied. Therefore, the probability of
haaghmetric recalculation does not exceed P; given by

Pt:2(L-m)(Paen,,-zl Paea,'-r) (i >3) (4)

The maximum compuution amount is evaluated by

usrng this equation, where the BER for 66lNo : 15 69

nd D/U = 5 dB is used s Pa6R,;. Table 2 shows the

comparison of computation amount per symbol. ln thts

paper parameters are set so tbat both tbe proposed method

and DDFSE can equalize delay compouent of 5{ at tbe

maximum. An ordinary Viterbi equalizer requires 1024

states to equalize delayed components of up to 5{. Table

2 shows that the computation amount of both the proposed

method and DFSE cas be reduced sigaificantly compared

with this 1024-srate vE.

6. Conclusions

A new method of expanding the equalization range

of Viterbi equalizer without increasi-ng is number of

slates is proposed. It equalizes the channel by applying
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System Product Sum

l6-state VE 368 424

64-state VE t34r' 1760

1024-state VE 20576 31792

DDFSE(m=2L=5) 560 616

Proposed method (m = 2, L = 5, n : 4) 799 915

Proposed method (m = 2, L : 5, n : 6) 832 953

Table 2. Comparison of compuutional amount Der svmbol

a Viterbi algorithm iteratively and it is shown that the
equalization performance for longer-delayed multipath
compooents can be improved compared with conventional
method.

DDFSE where equalization is applied by referring to
path history is considered as a soft-decision method.
Then the proposed method can be considered as a hard
ciecision method. By iteratively applying equalization,
which is characteristic of the proposed method, a superior
ecualization performance than that by DDFSE can be
obtained.

However, the computation amount of tbe proposed
method is larger than that of DDFSE. Tberefore, the
proposed method is considered as berng located between
VE and DDFSE, and the trade-off befween computation
amount and equalization performance can be controlled by
selecting the number of equalization iterations.

Considering the time until hnal equalization result is
obtained and necessary memory size, the proposed
metbod is not necessarily an effective method. As dis-
cussed in section 5, however, its computation amount of
real numbers is not proportional to the number of
iterations, but is comparatively small as shown in Table
2. Through advancement of circuit technology and algo-
rithm improvement, this method may lead to a new
equalizer in rhe future.

Studies on decision functions superior to the major-
ity function used in this paper, and performance
evaluation of multipath model and that under fading envi-
ronment are future problems. If a is set adaptively
depending on propagation environment, both computation
amouni and equalization performance can be improved for

short-delayed components. Therefore, adaptive selection
of n also must be studied.
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ON THE USE OF DECISION FEEDBACK FOR
SIMPLIFYING THE VITERBI DETECTOR

by J.W.M. BERGMANS. S.A. RAJPUT and F.A.M. VAN DE LAAR
Philips Research Laboratoies, 5&0 JA Eindhoven, The Netherlond.s

Abstract

This paper explores and compares two merhods of simplifving rhe Vi-
terbi detector (VD) by means of feedback from preliminary deosions
prgsent in the VD. Both merhods use these decisions to cancel trailine
intersymbol interference (lSI) in order ro reduce the effective memori
length of the channel and thereby the number of stares rerained rn rhi
detector. They differ in rhat in rhe firsr merhod a single canccllation rakes
place on the basis of rhe most likel;t survivor residing in the VD, while
in the second one a local cancellalion is carried out for each state in the
VD on the basis of rhe associated survivor. The paper shows thar the
somewhat larger complexiry of the local method of feedback results in a
better error propagarion behaviour. In addition, it derives simple esri-

1nat91]or the qualitv of the preliminary and final decisions produced by
the VD in the absence of error propagation. and these expressions are
used !o show thar rhe oprimum prefilter for rhe VD is the canonical form
9!-Fomey's Whitened Marched Filrer. irrespective of the precise span of
ISI exploited by the VD. The analyrical performance predictions aie uer-
ified numerically by means of a hardr.vare realization of both detecrors.

Keywords: decision feedback equa.lizer, intersymbol inrerference. Vi-
terbi detector. whitened matched filter.

M*

l. lntroduction

Among the methods available for combating intersymbol interference (lSI)
and noise, the Viterbi derector (VD) distinguishes itself bv its ability to
achieve an essentially insurpassable transmission qualityr). Even though it
represents the simplesr known manner of achieving this ideal. the VD is still
highlv complicated for channels with a large memory length. For this rea-
son, numerous methods have been proposed to lower its complexitv at an
intentionally small expense to performance.

In one category of methods. referred to as reduced-state detection:'.;. the
VD is simplified by retaining only the most likely fraction of the candidate
data sequences of which the full-ffedged VD keeps rrack. In a second care-
gory, the memory lengrh of the channel is reduced by means of a linear
equalizer. which curtails the impulse response of the channel into a subsran-

Phillpt ,osntt of Rsrctr Vol. t2 \o. J l9!? 399
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tially shorter desired impulse response (DIR) r.5.6). To achieve the smallest
possible degradation of transmission quality, the DIR musr be chosen ap-
propriately. and should basically reflect the zeros and deDressions of the
channel transfer characteristics6t0;. A third and perhaps laigest category of
methods uses tke concept of decision feedback to achieve an effective re-
duction of the memory length of the channel r'20.23). In essence, these meth-
ods use a prefilter to suppress pre-cursive ISI, and they all artempt to elim-
inate post-cursive ISI outside the span of the VD by synthesizing a replica
of it on the basis of decisions about past symbols. The relatively large de-
cision delay inherent in Viterbi detection necessitates the use of preliminary
decisions in this feedback process. These decisions musr be relaiively relia-
ble. since otherwise imperfect canceilation of ISI and error propagation will
occur. Preliminary decisions can be generated by means of a ieparate de-
cision feedback equalizer13'tr;, or exrracted from the most likely candidate
sequence resident in the VD rr.16.r7.re). Alternatively, a separate feedback
path can be established for each candidate sequence residin! in the VD, the
corresponding estimate of post-cursive ISI being used for the recursive ex-
tension of that particular sequence onlv ts.1E.20.2:).

Apart from their pure variants, severat hybrid versions of these ap-
proaches have been desribed. For example, for mulrilevel systems like eAM.
reduced-state detection is possible by retaining only the data sequences whose
symbol values are within a specified distance from the ones of the tentative
data sequence generared bv a decision feedback equalizer:l.r), or bv using
feedback from data paths wirhin the VD to enable the application of set par-
titioning conceprsll;. Also, reduced state detection can be useful in situa-
tions where onlv a modest reduction of the channel memory lensth is
achieved bv linear equalization :r).

For vD's simplifled by means of linear equalizarion. the subject of opti-
mum prefiltering has been studied in great detailsr0). In conrrasr, oprimum
prefiltering for vD's simplified by means of decision feedback has received
scant attenrion to date. In several instances, a DIR has been used to trans-
form.th-e-received signal inro one with prescribed ISI within the span of the
vDlt'r5:E). Besides causing corouration and enhancement of noise and a
consequential performance degradarion of the VD, this approach has the
problem that onlv heuristic procedures are available for seleiting a suitable
DIR. In other instances, the canonical form of Forney's wtritened Marched
Filter (wMF)t) has been applied 13.rr.20.2r.1s;. This piefilter does not entail
noise enhancernent or noise colouration. and yields a system impulse re-
sponse with minimum-phase. It is known to be the optimum prefilter for the
zero-forcing decision-feedback equalizer (zF DFE):{), and it is also opti-
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On the use of decision feedback for simplifying the Viterbi detecror

mum for the VD since any WMF is optimum for this detectort). Because it
can be regarded as an intermediate form of the ZF DFE and the VD, one

may expect that this choice is also optimum for the VD employing decision

feedback. Among other things. the present paper shows that this is indeed

the case.

The paper focuses on two of the most powerful VD's employing decision

feedback. viz. one that uses global feedback from the most likely data se-

quencett'r;) and one that uses the local and distributed form of feedback just

mentioned t-s'tt|:0-r). After giving a unified description of their operation. we

show that the local method can be interpreted as a special form of reduced'
state detection, and that its error propagation behaviour makes it preferable
over the global rnethod -). The quality of the final and preliminary decisions

produced by the detector with local feedback is then analysed subject to the

assumption that error propagation can be neglected. On the basis of these

results. it is shown that the optimum prefilter for the detector should indeed

be a canonicai WMF, irrespective of the precise span of the trailing ISI used

in the feedback process. Furthermore, it is shown that this ideal can be eas-

ily reached adaptively.
After analysing five example channels. a final section of the paper pre-

sents bit error characteristics that were measured for these channels by means

of a hardware realization of both detectors. These characteristics illustrate
the performance differences between both methods of feedback, the influ'
ence of the phase characteristics of the equalized channel on the preliminarl
and finaldecisions generated by the VD. and the performance consequences

of increasing the span of ISI exploited b.v the VD in exchange for a reduc'

tion of the span of trailing ISI used in the feedback process. Among other
things. it is found that at a much smaller hardware cost. the Viterbi detector
with decision feedback often comes close to the fullv ffedged Viterbi detec'
tor in performance. particularl)" when local feedback is used.

2. A discrete-time channel model

The intersymbol inrerference and noise which arise in digital transmission

and recording can be represented in the canonic discrete-time form

rt=(a*f)o+n1,,

') In our research. rhe VD wirh local feedback origrnated as a natural development oI the VD
with global feedback. much in rhe way described later. After its analvsis and construction. ue

have noticed tha( it is simrlar to previous detecrors r5 ri). and in iact equrralent to the one ,jc'
scribcd in ref. 20. Also. while preparine rhis manuscript some of the rdeas and results contained
herein were forwarded indeoendentlv in ref. l2 for an essentiallv equivalent detector.

(l)
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where r* is the received discrete-time data sequence, c1 is the data sequence
to be conveyed, f* is the sampled impulse response of the channel,'*'6"-
notes linear convolution, and n1 is a zero-mean white Gaussian nolse se-
quence with variance N025). Denoting the channel memory length (ex-
pressed in symbol intervals) as L we have, apart from a pure delay without
further relevance, that

f r= 0 for k € {0,. .,t }. (2)

For mathematical convenience, we shall take au to be an uncorrelated se-
quence of binary digits drawn from the alphabet {-i,+l} with equal prob-
ability. Both l/o and/,, can be determined from the parameters of the actual
continuous-time channel by successively applyins a matched filter, a symbol-
rate sampler and a discrete-time noise whitening filter, together referred to
as a Whitened Matched Filter (WMF)t). Because noise whitening can be
achieved with arbitrary phase-frequencv characteristics. there are in general
many WMF's for a given continuous-rime channel. To express this fact. /,
mav be factored as

f*= G * h)r

into a causal minimum-phase impulse response g* which caprures the pre-
scribed amplitude-frequencv characteristics of I and an impulse response fr1
which describes a causal and stable phase shiftins oDerarion. If we define the
O-transform of 91 as

8(e) 
g

8r,frr,

then g(?) must have irs L zeros B,.ie {0....,t - 1}, alloutside the unit cir-
cle'), i.e.

g(.9) = 0 for lp,i > I. i € (0., .t - li (5)

To ensure that the convolurion of go and /r* satisfies eq (2), the g-rrans-
form /r(?) of h^ must be of the form

') Bv performing an appropriare limiting operation. zeros on rhe unir crrcle can also be in.
cluded in these considerarions.

/r

tJ,l

(4)

402 Philio! Joum.l ol R.flfth vol. {l \o. a l9t?

230



On the use o.f decision feedback for simolifying the Viterbi detector

------------1
'1 cnonact im'qtsc taslodsc f" l.

L--------- --- -----' - -)

Fie. l. Facrorized discrete'time model of a data transmission system

" r-T Pl? - I
h(?)=l I "_si€5

si A {a;-c,....a't-r}, I € t0""'21 - l}'

hereafter reterred to as states' the VD contains a Basic Viterbi Algorithm

.) The composition of s is sublected ro reilricrrons o[ symmetr.v if h, is to be real-valued:e)

suJ i.r,ti.i,ons do nol affect the results of this paper'

where 5 is an arbitrary sqbset oi {0""'L - Ii and the^suP.t:t:j'ipt '"' indi-

cates compl.*.on1ugu'ion-i' ettuuse lh(91 = l for all? wlt]91 = 1' h(?)

describes a pure phu" 
'ititting 

oPeration' Furthermore' because its poles are

alloutsidetheunitcircle'hrwillindeedbestableandcausal(thoughpos'
sibly infinite in r.ng,il. ihe"model described by eqs (l) and (3) is depicted

in fig. 1. ln this figure-il represents the ser of ali impulse resp-onses hu whose

3-transform sarisfies eq. (6).The choice h*= 6*,with d1 the Kronecker delta-

function. causesft to have minimum-phu"' tnd corresponds to the use of a

canonical WN'IF t).

3. Viterbi detection

The received signal re is applied to a maximum'likelihood sequ€nce oe-

tector(MLSD),whichproducesamaxlmum'likelihoodestirnatedl'-sof'ap'
with D >> L representing the delay inherent in the detection process' The

MLSD essendally ,.gttdt fif as an implicit form of coding which causes the

incoming ou,. ,.quJn..-o* ,o be transformed into an 'encoded' sequence

(a,f)rwith a well defined correlation struclure' *d, it 1l:T:ts 
to find the

data sequence a1 whose 'encoded' version matches the received signal rt as

closely as possible (in the Euclidean "nst) 
The Viterbi 

'detector 
(VD) is

the simplest r.no*n'i"na recursive) version of the MLSDrl. For each of the

ji po.tiur" combinations of L most recent bits

Phllir! Joutt.l of Rsfri \o. I l9f1
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tr

Fig. 2. Basic Viterbi algonrhm unit (BVAU) for rhe standard virerbi alsorirhm,

Unit (BVAU; frg. 2), which keeps track of the associated survivor, i.e. the
most likelv parh of previous bits

lr5 {oL-o,...,atx-t-t} (8)

leading to s'*, and also of an accumulated Euclidean distance

a 4 !t, - @, . f))?= !',,,o - ai1 . y1 + n1i. (e)
l=U

which is a direct measure of the momenrar)- likelihood of the data path

at*9 {a'r-o,...,a'r-t) = l*U l*. (10)

out of all 2t data paths c! contained in the VD, the one with the smallest
metric value,Ii, referred to as dr (= ptU$1), has the greatest likelihoodr).
The 'oldest' digit rio-o of ri* serves as the final estimate of rhe vD abour a1-p.
To achieve near-MLSD performance, the detection delay Dshould be much
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larser than the memory length L of the channel. e'g' D=5L:u)'
B.."ur" Viterbi detection is a recursive process. each BVAU contains

provisions for the transition of k to k + 1, i.e. for the recursive update of

d, pi and /!. This update involves appending both new possible bits au= +1

uni r. = -1 t6 every data path d1. For each old data path d'& this determines

two new data paths d't=' r and henceforth two new slates

$,t=*r = {otr-r*,,....a'i-,,t1i with associated (and identical) candidate survl-

*rt pi;,-J{o'*-r*,,.. .,aL-), as well as two new accumulated Euclidean

distance values

J'ilr= Jip+ Qr- (ot= . f)r)t

Because of the flnite memory length of the channel. the contribution (c'= 'fl*
in this expression is completelv determined b1' the state s'u and the newly ap-

pended digit a1 = t i according to

(a'= * f)r-

Itisapparentlhattwooldstatesfand{whichdifferonlyintheiroldest
bit af-. and ai-1, resPectivety. will both lead to an identical new state' sav

si*,. *-hen extended with identicaldigits' Of these two possibilities' only the

one with the smallest accumulated distance value can possibly correspond to

the most likel.v- data sequence, and the other one can hence be ignored' Be-

cause afler extension af-, and a[-. form the most recent bits of the com-

peting candidate suruivori pi- I and d * ,, it follows that these candidate sur-

vivors differ at least rn their most recent bir. This means that selection of an

erroneous survivor will inevitably tead to an erroneous value of a'p-r'

AfterselectingthenewsurvivorsP,l*rforalldistinctStatess.t+lthereare
again 2L distinct data paths arr-1 and accumulared Euclidean distance values

li-'. firis process of appending. comparison and selection is also shown in

fig.2. For channels *itir a modest or large memory length L' the large num'

ber (lL) of BVAU's comprised in the VD often renders full'fledged Viterbi

detection too complicated to be practical, The following section discusses rwo

methodsofsimplif;.ingtheVDbyapplvingfeedbackfrompreviouslyde.
tected digits in order ti establish an effective reduction of the channel mem'

or,v length.

(i1)

( r2)
L

tfo+ lair-1f,.
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4. Global versus local feedback

. To lower the complexity of the VD, the data path dr=Sruik with rhe
largest instantaneous likerihood may be used to generare a compensatlon
signal for trailing ISIrt'r?'re). In fig. 3, trailing ISI outside a predefined span
of length M < L is dealt with in this way.

The digits d*-t,...,dr-,u-t of ri* are applied ro a linear combiner with
weights f ,u*r,...,/., whose output signal is subtracted from the received sig-
nal r.. This yields a signal

z*= (a, f)r + n1, - @, f )o (13)

which is applied to rhe viterbi derector (see fig. 3). Hereff denotes the re-
sidual impulse response of the channel. given bv

r,+lo. kc{M+1.....Li,tx tJi. ke{M+i.....t}. (14)

Whenever the decisions dt_.rr_r ,....d*_tare allcorrecr. eq. (13) simplifies to

zr= (a*f')r,* n*, (1s)

where

nAcI k-lk
ke {0,...,M}.
/c€ i0,..,.M)

( t6)

Fig. 3. Virerbi de(ector simplifred bv means of slobal feedback from rhe mosr li[elv survivor

-r={t
is the truncated impulse response of the channel. According to eq. (15), the
VD operates upon an input signarrvith a reduced ISI span otonty'M symbol
intervals' For this reason. it now needs to maintain onlv 2M states

406
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ano survlvors

lr4 {oL-o,...dr-u-r) for all , € (0....,2M-1}. (18)

This means a complexity reduction by a factor 2t-'u. 1n return for this re'

duction, signal energy outside the span of the vD is cancelled and hence not

exploited in the detection Process, while imperfect cancellation may fur'

thermore cause error ProPagation.
Because :1, cf. eq. (13), rather than r* is the input signal of the VD and

because the VD is dimensioned to operate upon the truncated rather than

upon the original channel. the metric values "/i as given by eq' (9) for the

full-fledged VD are now given bY

h:7f, -ai.f' - A.f')? for all, € t0....,2'' - i)
I=0

It is seen from this expression that the compensation signal (d'f')r affects

all 2'u metric values and their increments. For this reason we refer to this

type of decision feedback as global. Making use of eqs (1) and (16)' eq' (19)

can alternativety be written as

4=!(to -ai) * f'+ (a - a) " f' + n)i

When the preliminarv decisions do.'..,hr- v-' are correct' this expresston

simolifies to

/f = ) (@ -o')'f'+ n)i.
/=0

In this case rhe only penalt)- for the simplification b,v means of global feed-

back is a performance decrement due to the fact that the filtered error se-

quences (io - o') */t)r generally have a smaller amptitude than their untrun-

cared versions ((c - o,\,f)r, cf. eq. (9), which causes their discrimination

against the notse ,,gnui n* io be more difficult' However' in case not all of

the svmbols 6r,-t,...,6r-,u-, are correct. it is according to eq' (20) inevitable

( 1e)

(21)
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that erroneous cancelration ocrilrs at moment t for all maintained data paths
d1' The false informatio-n thus in.o.por"i.a in the metric values may cause
the correcl data path to be comptetetv rost in favour of an inconect data path
in one of the following.selections. This problem can be circumvenred by us-
ing the local survivor L rather than rhe most likery one to generare individ-
ual estimates (a'.1;. tf the trailing IsI r5'r8.20.2:).'By usini th.se .stin,ute,
in the updare of the i'r data path a* only, trailing ISI will be correctry can-
celled whenever the local survivor fl is conect. Thus even at instants when
the correct data path does not have the grearest rikerihood, the new metric
values of many data paths dr (viz. those with a correct survivor p,r) wilr stillbe calculated correctty. As a consequence. error propagatlon wilr be re-
duced.

substituting a'1 for,i1 in eqs (19) and (20), we see that this rocar methodof feedback givos rise to metric values

&-l
/t =,|o{r - (o', f), - (a, . f,D?

r_t k-l
= A,' - (a' 'f))? = [ttf" - ai) . f) + n)1.

B,ecause this expression is identical to the one for the full-fledged vD, eq.(9)' the calcularions performed in the respective BVAU.s are also identical.
This can be seen more clearry by compaiing fig. 2 with fig. 4, which shows
the BVAU for local feedback.

In fig. 2 the states s'1 contain all the information required for carculating
the noiseless estimates (a'= *f),,of 4 involved in the m!tric updare process.
since d1 characterizes the BVAU and hence does not change in time. the
values of (d='fl1 need to be calcurated only once and can be used ever after.In contrast, in fig. 4 the. bits ait _.u_t,...,oL_, form part of the survivor l*,and can hence change dynamically. To account for their influence rn the
metric update process, a feedback operation is now needed to calculate their
contribution (a'=,f,)* t9 (a,= *,f)r at anv instant k. The remainder (a,=,f,)r
of. (ai='/)p depends entirely upon c*, and is thus again a fixed value that can
be calculated beforehand.

According to figs 2 and 4, the detector wrth locar feedback uses fewer states
than the full'fledged vD eM vs. 2r), and it performs idenrical merric car-
culations. For this reason it can be regarded as a somewhat special reduced-
state detector. in which a highry structured subset of the originat states is
retained. This opposes the conventional reduced-state VD, wh-ere ar anv in-

/m8 
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Fig. -r Basic Viterbi algonrhm unit (BVAUli;:.I:"tbt detector simplifred bv

On the use decision feedback the Viterbi dercctor

stant k a new subset of states is formed by the topmost part of a stack that

is ordened according to the metric values of the contained states:-J)' The

unpredictable composition of this subset' the dynamically varving size of the

stackandtheneedtoordenstatesacccordingtotheirmetricvaluesallcause
theconventionalreduced.stateVDtouemorecomplicatedthanthe!Dwith
localfeedback.lnspiteofthesesimplifications'weshallseesoonthateven
performances close to that of the full'fledged VD are often within reach'

Forbothlocalandglobalfeedback.thereceiverunderstudydegenerates
into a conventionat dJcision feedback equalizer (DFE) in the extreme case

tvr -_ o,because it then has onry one survivor pr=h left and attempts to

cancel all trailing ISI' By varying M between 0 and L performance can be

traded against comptexiiy and vice versa. we shall now explore this trade-

off in more detail for the situation that single bit errors prevail'

/o".//rI

l ''J
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5. Prefiltering for the Viterbi detector with decision feedback

For channels in which only a modest amount of ISI arises. the full-fledged
viterbi detector often produces predominantlv single-bit errors r). Its bir er-
ror probability Pr[6] then approaches the matched filter bound (MFB)

where

Prrfr = n(J#J, (23)

()J\

This inequalirv applies
29. p. 200). Taking e1

410

.2 k.s); > > G. g. h)2*. (26)
k=t) t=0

for any non-negative integer M and anv signal e, (ref.
= 61 in this expression and using eq. (3) to recognrze

1 Lx -

L/t.rJ =:E I e-d.y.
vliJ\

while

L

E" = I/i 125)
k=0

is the received data eners! per transmitted bit. Because of the quadratic na-
ture of eq. (25), only samples /, whose magnitude is comparable with the
magnitude of rhe largest sample can conrribute significantlv to 86. It is rhus
of little use to exploir the energl' rhat srems from the remaining samples in
the detection process. As reflected in eqs (15) and (16), the VD wirh feed-
back idealll,cancels all energy of I in the span {tV + 1,..,,L). For oprimum
performance.I should thus have the largest possible fraction of its energy
concentrated inside the remaining span of length M + I which is exptoired
by the VD. As we saw in sec. 2 (eq. (3)), I is determined within a factor
ft* that depends upon the precise characreristics of the prefilter in the actual
continuous-time system. Because the Viterbi algorithm considered here re-
lies upon the presence of uncorrelated noise. h1, can be chosen freely only
within the set X defined in eq. (6).

Now for any minimum-phase function g1 and any h1, € ?f . we have thar

Philipr Joumrl ol R.!a..h vol.12 \o. I t9t1
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(g.h),,as/*, it follows thatfi has the largest possible fraction of its energy

concentrated in the span tO,.'.,U) when h1=6*' Hent" for anl Me t0'"''t)
the optimum prefilter of the continuous-time system should be a canonical

wMF, for which f*=8*r1. This result should not come as a surprise' since

it is well known th"t rini.um-phase responses have their energy optimally

concentrated near the time originD), and also because it has long been known

that for the DFE (i.e. for the degenerate case l}f = 0) the optimum sampled

impulse response of the system itroutA indeed have minimum-phase3G32)'

Inthesequelweshallseethatthissameconclusioncanbereachedsub.
ject to less restrictive assumptions.

6. Performance of the VD with local feedback

In optimizing the DFE, one norrnally overcomes the mathematical in-

tractability of error propagation by neglecting it' i'e' by assuming that pre-

vious decisions which affect the curlect decision variable are all correct' This

approach is justified a posteriori by the fact that the resulting soiution in-

deed causes linle error propagation on typical channels2s'30)' For 'v!= 0' the

receiver under stuoy is lusi ,-ofg, and ty increasing M the 
.compensation

signal generated by the feedback filter(si becomes smaller in magnitude'

causlngerlorproPagationtobele.ssSevere.Inanai;-singandoptimizingthe
vD with feedback, it is thus reasonable to assume a similar absence of error

propagation, particularly for the VD with localfeedback' which suffers least

fromerrorproPagation.ApartfromthefinaldecisionswithdelayD,our
analysis for this VD will also cover the poorest preliminarv decisions applied

in the feedback process (viz. those wittr delay M), because therr quality de-

termines the severeness of error Propagation most strongly'

For the full-fledged VD, an error event is said to occur between the

instants k1 and t, it S*, = 5*, attd i*, = s*, but 3' * s'. for all k €

ft,ir....,l,-1)'i. uniit. th; full-fledged VD' the metric increments

ir*'- 1oi= 'p*;t j.i.rmined by the VD with local feedback depend not onll-

upon the newly appended digit ak=! I and the state du' but also upon the

L - M most recent digits c'p-1,' .',a'k-'u'tof the sun'ivor p! associated to si'

To ensure that no.,,-o, p,op"gation was in progress at the instant k'. it is

thus necessary to assume that 'f* was correct both at kt and at the L - 'lf
instants immediately preceding k,' With eq' (17) this means that

d*= at, for k € {kr- L""'kr - l}' (27)

Also, the condition ik.=st' does not necessarily demarcate the end of a

cluster of "rror, 
"norul' because incorrect preliminary decisions

Phillo! Jounrt ot R*irch vol.41 :{o' I l9t?
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dk.-t,".,dr: 
"-, 

will cause erroneous contributions in the metric calcula-
ttons during the momentS k,,....k' + L- M- 1. As motivated above. we shallneglect this error propagation problem in our anarysis. we do this bv sprir.ting a cluster of errors up into an error event which is defined to occur be-tween the instants k, and ftr, ard a subsequent propagation-induced partwhich is not accounted for in the analvsis.

Because io, = ,.,, we have with eq. it;1 ttrat

However,

and

dr= er for k € {k2- M,....k: - 1}.

Qrr-.u -t #a*=- r! -t, (30)

because jr, - r *skr * r and jor-, ,*sp,- 1, r€spectively. We define the error
sequence er corresponding to this error evenr as

(28)

(2e)

(3 1)

At,* ar,

k#(0,...,kr_kr_ M-rI,
-6k*k,, ke {0....,k2 - kt- M - I}.

Hence everv error sequence of length N:k, - kL-M characterizes a cor-responding error event of length N + M _ l. For this error evenr ro occur.it is necessar;' that a bad span of noise ne causes an erroneous state co to bemore likely than the true state s1 for k a {t,,....kr}. This will be so if

k,-t

i r. - Jo,= 
*) [{r* - (a - f))2 - (r, - (o, f))r)
,V+.t/-l

s\= r4, L(e - f)i + Znt - t,k . f),,)

is smaller than zero. Here l1 and./o denote the accumulated
of the most likely and rhe actuall!. iranrmitteo dara sequence,Ou..l: its linear dependence on ih. noise signal no, rhe right
eq. (32) is a Gaussian stochastic variable with mean

N+rlt-l

A @'ni5 ain

metnc values
respectivelv.
hand side of

4t2
Piiltpr Joumrl ot Rcr!rctt Vol. ll

240



On the use of decision feedback for simplit'ving the Viterbi dqlgSlpt

anc vanance

Hence the probability that ,I1, exceeds i*, equals

Y+M- I

ot A +No
t=0

=n(r+),

.V',V-1
di, = min

ct=5 t=0

(35 )

where O(.) was defined in eq. (2-l).

At high srgnal-to-noise ratio's and in the absence of error Propagation, the

error prr:babilitv Pr[El achieved by the VD with local feedback rvill be lin'
earlv proportional to Pr["/u. - Jr.10l for the error sequence e1 which leads

to the smallest possible value dil of 4r'). From eqs (31) and (33). it follows

that

Pr[io. -/,. < o] = nl+)

(31)

(36)

where 5 is the set of all error sequences ek€ {-2.0,+2} of arbitrarv length

,\. starting at moment 0*). Because the channel has a memory length of L
svmbol intervals. the effect of a filtered error sequence (e -/)u extends in

principle over an interval of length,\ + L. Hence f.or M< L the summation

in eq. (36) covers only a part of the energy of filtered error sequences, re-

tiecting the fact that insufficient states are available to be able to take full

advantage of the Euclidean distance properties of the receired signal. Con-

verselt-, the full-fledged VD has the smallest value.!y'= L for which all en-

erg.r- of (e-f)o is exploited. and from this point of view it can be regarded

as the canonical implementation of an MLSD in the sense that it has the

smallest number of states needed to achieve MLSD performance. Finaliv'

for the zero-forcing DFE (i.e. f.or tYI = 0) it is easily verified that du = 4/3, in

accordance with refs 24 and 31. These results indicate that the VD with local

feedback is a natural and canonical intermediate belween the DFE and the

fult-fledged VD.
On the basis of eq. (36) it is easv to optimize the prefilter of the VD with

feedback. To this end. we first notice that for M = L, d:" just describes the

') This result rvas obtainetl inr.lependently bv Evubogiu and Qureshi ::)
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minimum distance di,n introduced by Forney t). Because it is determined by
the total energy of filtered error sequences, this distance depends by par-
seval's equality:e) exclusively upon the amplitude characteristics oi fi,r;.
Hence the all'pass response /rl comprised inf according to eq. (3) may take
anv value in 7f t). Interestingry, the quality of the preriminary decisions gen-
erated by the full-fledged VD may stilr depend quiie heavily upon ft1, as will
become apparent soon.

For M < L. d', also depends upon the phase characteristics of fi, (and hence
upon h*) because it no longer reflects all energy of the filtered error se-
quences. Writing ,fo as (g . h)p, with 91 and /r* as defined in sec. 2, we can
again use eq. (26) to show that for any error sequence e*€s and anv hp€K

V-V-l ,V+.tt-l ,V+M_tSt sr
,2." (e-g)i> ) G,g.h1i= ) G,Drrk =o r-lo fro

Hence d2, is maximized b;- choosing h*= 6*, which is equivalent to applying
a canonical WlvlF.

Apart from optimizing the performance of the VD with feedback in the
absence of error propagation, the use of this wMF also leads to a favour-
able error propagation behaviour in the sense that it optimizes the quality
of the poorest preliminary decisions applied in the feedback process (vu.
those with delay M). To show this *), we note that k, + M + 1 is the first mo-
ment at which rhe survivors p! contain preliminary decisions abour ar,. If we
agarn assume that no error event or error propagation was in progress at the
lnstant k,, i.e. that eq. (27) applies, then we may restrict attention to the
?v*t data paths ai,*,r*, that emanate from the correct path ri1, =okr r).
Because there are 2&' distinct states, these paths do not merge before the
moment kt+ M + 1. At rhis moment. the path wirh greatest likelihood has
accumulated metric

(3t1

kr+M

i1s1*.vt-r =/.r, * ) ((a - d'f)r,
k=kt

(38)

where,I*, is the (correct) accumurated metric at moment k,. Denoting the
accumulated metric value at moment kt+ M+ 1of the actually transmitted
data sequence ar as Jk,-,v+1 dnd making use of eq. (27), *. huu. with eq.
(38) that

') The following argumenr is panly due ro F.M.J. wilems, univcrsity of rechnology, Eind-
hoven.
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Viterbi

-./11 t.!t+l [(e "/)i + 2nr{e. f)).

where

Out of all possible error sequences ek of this

correspond to an erroneous estimate rii, - ' 
of

it follows that at high signal-to'noise ratio's

erroneous preliminarv decision is made

p1 d'r,l r"' -1,{) . rvhe re

.t-'

(r/i,)= = min ) te -/)i.
cA€5'A ={}

and where S' is the set of all error sequences e1€ t-2'0'2) of arbitrarv length

and with e,,*0. Because the summation range in this expre::i:l it smaller

than the one in eq. (36) and because s' : s. we har'e for all rVl that d,11 <

rlr,. For iv=0 it is easiiv verified rhar the single bit error er=:26r mini-

mizes eq. (41). Hence di,= du= 21,fiJ. For larger values of M. dit is usuallv

strictlv smaller than r/y. as we will see later. A large difference betrveen

d,11andr/,lindicatesthatpreliminarydecisionsareofconsiderablvpoorer
quatitv rhan the final ones. so that error propasation is likelV to be sertous'

du , ii*ito, reasoning as used before it is straightiorrvard to shorv that d",

is maximized bv chooiingn Io ha'e minimum'phase. i.e b1'applvtng a can-

onicul WNIF.
whenever multiple bit errors determine r/",. the sequence (e.!'lt rvill have

one or more non'zero !alues for k > L + I' Because their magnitude may

depend quite heavilv on ft1. we see with eq. (.lt) that even for the full'fledged

VDthephasecharacteristicsofIcanhaveasignificantintluenceuponthe
qualitv of its prelimtnarv decisions' and hence upon the minimum detectton

delal,D needed to virtuatlv achieve VILSD performance. Because eq, (Jl)

coincides with a lower bound on the performance of anv delector with a re'

stricted decoding delav.l]). we mav conclude rhat the preliminarv decisions

with delay M. presentin the VD rvith localfeedback. have a qualitv that can

effectively not be improved upon by anv rvPe of receiver' provided that er-

ror propagation is indeed insignificant'

,tt_s
&=ll

I

A lu.
€t = \

Lo*'r1-aA+&1'

k<0.
k>0.

(3e)

(10)

torm. onlv those rvith en + 0

a1, - , . Proceeding as before '

the probabilitY that such an

is linearlv ProPortionat to

(+l )
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7. Adaptive implementation

To dimension the prefilter appropriately when incomplete pnor knowl-
edge about the channel characreristics is available, its output signal rr may
be applied to a separate adaptive decision-feedback equalizer tr'2t:u). Borh
the feedback filter (with impulse response pt,, k > 1) and the prefilter can
then be adapted on the basis of the errorsigrral e1 - rk @.p)* - ri. formed
by the DFE (see fig. 5)

Provided that the decisions d1, arc mostly correct, this leads after conver-
gence to a minimum-phase impulse response fr=g* scaled according to.fo =
1, and to a feedback filter impulse response pr= fr,, k> ltt).Thus the pre-
frlter will closely approrimate a canonical WMF. Furthermore, together with
the a priori known value pe = fo = 1 the feedback frlter coefficients pr, k >
1 completely determine the values of I needed in the linear weighers of the
VD.

Interestingly. an error signal essentially equivalent to €k is in fact avarlable
within the VD. To see this, we write the impulse responses of rhe linear
weighers of figs 2 and 4 as pr so as to account for their adaptive nature. From
the two extensions a* = lI of the most likely data path dk, the one with the
smallest error power (rr- (d= " p)iz is a preliminary decision about a*, with
a quality at least as good as that of the symbol-wise decision ri* produced bv
the DFE because erroneous preliminary decisions d*- t,...,6t- r are rarer for
the VD than for the DFE. Consequently, the error signal r*- (6= *p)* cor-
responding to this preliminary decision can be used instead of e, when po is
assigned the fixed value 1. Thus. it is apparently possible to adapt the pre-
filter and the coefficieotS p1, k > I of the linear weighers of the VD without
the aid of a separate DFE by making use of this error signal.

Fig. 5. Adaptive decision feedback equalizer controlling the VD wirh feedback

odoOltva
leadback lilta.

p".k € l t. ... .1 ]

e.'t. kel0. .Ll
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On the we of decision feedback for simplifying the Viterbi detector

E. Hardware realization

To enable a detailed comparison of the detectors with local and global

feedback, they were both implemented using two NEC qPD772A digital sig'

nal processors-and some external hardware. The fust DSP contains a pseudo-

random data generator with a polynomial of length 32, a channel filter and

a noise source in which, at any instant k, 17 independent and uniform de-

viates, generated according to the linear congruential method described in

ref. 34, pp. 9-25 are added in order to obtain a nearly Gaussian noise dis-

tribution. After a signal-to-noise ratio dependent weighing, the noise signal

n1 is added to the frltered data signal (a,f)r. The resulting channel output
signal r* has a data rate of about 10 kbit/s, and is transferred serially to the

second DSP. 'fhis DSP contains a VD equipped with both types of feedback
and with up to 8 states (M=3). The latter restriction is imposed to be able

to store all candidate survivors and their associated data in the 16 memort.,

rows available in the DSP. Because the channels used in the measurements

have a priori known impulse responses with appropriate phase characteris-
tics. the receiver does not contain a prefiiter and it is not adaptive. Instead.
the coefficients fi are transferred serially to the VD upon initialization.

In each BVAU (see fig.4), the weighing functionsft have a fixed length

of i6 bit intervals. The weights f,u,...,frswhich account for the feedback op-

eration of the detector are split into three parts. The corresponding three

partial feedback sums are determined by table look-up operations and then

added. In return for a modest occupation of nominally 3x2a = 48 internal
ROlvl locations. this method of weighing is computationally more efficient

than the straightforward transversal approach. Because one l6-bit word is

reserved for each survivor p'*, the detection delav D has a maximum value

of 3 + 16 = 19 bit intervals. Scaling and saturation arithmetic within the

BVAU are designed to make optimum use of the 16-bit accuracy of the pro-

cessor while minimizing errors due to overflow. After the selection of the

minimum metric value. all metric values are renormalized by subtracting this

minimum value.
The entire program for the receiver with local feedback comprises about

400 instructions. This quantity is reduced by less than 20 percent for the re-

ceiver with global feedback. In terms of their internal memory consumptic'rn

(both ROlvt and RAM). the net difference between both receivers is even

smaller.
It is worth noting that the use of local feedback yields a more homoge-

neous receiver structure and goes without the need of first making a decision

as to which survivor is most likely before the precise feedback signal can be

determined. This facilitares the incorporation of parallellism and potentiallv

Philigr Joumrl of Rlnrclr Vol. {l :to. { l9t7 417
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reduces latency. consequentry, for dedicated high-speed imprementations rhe
use of local feedback may be favourable.

9. Five channels and their distance properties

To illustrate the effect of the phase characteristics of the channer on the
performance of the VD with feedback, fig. 6 depicts three channer impulse
responses with g-transforms /(g) equal to (2 + g)2, e+ gxl + 2gj and(l + 29)2, respectively.

The channels have a memory length L = 2 and identical ampritude-fre-
quency characteristics

lf1r,r;1=5+4costo.

as depicted in fig. 7. Here F(co) is defined as

--nsf(r)= L f*e-'*
k = -x

(42)

(13)

Because its g-transform has both zeros outside rhe unit circle, the (2-?)2-
channel has minimum-phase. conversery, apart from an insignificant delav
the (2 + 9)(l + 29) and (l + 2g):-channels can be said to have linear and
maximum-phase. respectively. The following table clearly reveals that these
phase characteristics are less desirable.

TABLE I
Distance profile of the channels of fie. 6

channel

M=0
d6- do

(dB)

M;r
dild,

'l
(dB) i (dB)

M,=2
d, I d.=d^.^

tosl | -taei"'

f(%)=(Z+%)2
f(s)=(2+9)(r+2s)
J@)=(r+2?x)2

-3.1
-9.2

- 15.2

-J. I

-4.0
- 5.2

-1.2
- 1.8

- _i.2

-2.9
-3.7
-5.2

- 1.0

- 1.0

- 1.0

The table uses a OdB levet equal to eo= i, fl= 33. The comprised val_

ues of dv and dL (asdefined in eqs tlol "i-tt+r), respectively) can there-
fore be interpreted as rosses relative to it. Matched Firter Bound (MFB).
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On the use of clecision feectback for simplifying the Viterbi detector

t 0.5

0

Illt
0t 2

+k

rltl

012
+k

Fie 6. Power'normarized;:l',Hi,li'.T;1il::i'ffi::::J:n:*'r 
with L = I rnd iden'

lr is seen rhar the performance of the full-fledged VD (which has il1 = L = 2\

is indeed independenr of rhe phase characlristics of the channel' Con-

versely, its preliminaf aeclsioni are (judged bv d!) clearly bes.t for the mtn-

imum-phase channel.'Con"qutn'ly' for the other two channels a larger de-

tectiondelayDwillbeneededtoreachtheperformungg|gvelspecifiedbv
ri*,n than for the minimum-phase channel Tht. 

p,td::tun-t:^ of the DFE

(which has di = do because jreliminary and final decisions are identical) is

apparentlyastrongfunctionofthephasecharacteristicsofthechannel'Fi'
nally,fortheM=lVDwithfeedback'performancelevelsaresomervhat
closertotheVDthantotheDFE,Here.seriouserrorPropagationistobe
expected for the 1ZiOl: and (2+?)(i -?9) channels because dl and d'

differ considerablv.

01 2.
- +k

5

I r t,tl
I dB)

U
I

-5

-t0

-15

'zu

Fig 7 Ampritu" "::::ffi T,lil:1:j::lj[jl;"il'fjji k'n'') 
dB rer cI corre
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t

I
'I 0.5

0

-0.5

1.0

t| 0.5

0

- 0.5

Fig. 8. Power normalized minrmum-phase responses/r for digital magnetic recording sysrems
having D = 2.0 (above) and D = 3.3 (below).

5
| -, ,ltFta/l
HB)
10
l

-5

-tu

_ t)

Fig. 9. Amplitude'frequencl'characre rrsrics iF(o)l of the channels3l_!g. x. lhe 0dB level

corresponds to a rransfer magnirude of ! e, #+
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Although they enable a clear illustration of the importance of minimum-

phase. the impulse responses of fig. 6 are not the most logical candidates for

ihe application of a VD with feedback because of their-very small memory

tengttr. Two more appropriate resPonses are shown in fig' 8'

These resPonses, used earlier in refs 35 and 36, have a minimum-phase

and pertain to digital magFetic recording systems which use an NRZ-like

transmission code and a differentiating playback head. Their channel trans'

fer function F(ar) satisfies

On the use of decision feedback for the Viterbi detector

(4{)

Here D characterizes the spatial information density on the magnetlc stor'

age medium, and ranges between roughly 0'2 and 3 in present systems;')'

Apart from a zero at ih. lo*., band edge ('=0), transfer.functions in this

class have an attenuation near the upper band edge (ar= n) which increases

rapidly with the information density D (ng' 9)'

The distance proPerties of both channels are summarized in table II'

TABLE II
Distance profile of D = 2.0 and D =3'3 recgrc[gg {?nnels' The 0dB-level

corresPonds ,o l,Eo= \i#ffi

channel

M=0
d'o= do

(dB)

M
)l4l

(dB)

,l
dl

(dB)

M
ua

(dB)

,2

d?

(dB)

M
)lu]

(dB)

)sJ

(dB)

M=x
,) -)(J* - 4nn

(dB)

D=2.0
u: 3.)

- 1.4

-4.4 - 4.4

_ L.L

-3.3
-0.5
-4.4

-0.5
-J.J

-0,15
- J.O

-0.15
- 3.0

0.0

-z.l

From table II, it is seen that the VD promises advantages up to l'4 and

2.3d8 over the DFE (M=0), of which a major fraction should alreadl.be

attainable with values of M no larger than I or 2, thanks to the optimum

energy concentration provided by the minimum-phase nature o{ /e' Because

single-bit errors pr.u.il for the D -- 2.0 channel, the corresponding values of

dy anddrcoincide for all M. This indicates rhat error propagation is insig-

nificant. and that the preliminary decisions used in the feedback process are

effectively as good as the final ones. Conversely, for D=3'3 even the full'

ffedged VD incurs a loss (of 2.tdB) relative to the MFB' because for this

channel multiple bit errors prevail. Here dy and dy differ considerably, sug'

cosh D(rr - lai) for lrl < t'
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ABSTRACT This paper presents a multi-ray channel model
and a novel reduced-state soft decision /eedback Viterbi
equolizer (RSSDFI/E). The channel model can implement any
chalnel impylse- .r-espan& which it--irquirri-ii' i66ite
communications and the distribution functions of channel
paramelers can be chosen according to the environment. We

use a 5 ray channel model for the simulation in this paper.
For mobile radio channels with severe ISI, o Viterbi equalizer
needs lo handle bolh postcursors and precursors, like a
decision feedback equalizer(DFE) having both linear and

feedback Jilters. We propose an equalizer using maximum
!tkelihood sequence estimation (I.lLSE) to hand!e precursors
o;tl truncates oyerall postcursors vith the soft decision

1'eeciback of '\IISE to reduce the implementotion complexity of
l/iterbi eaualizers. A:cording lo the simulation results, the

proposed equalizer gives nearly the same performance as

.\{LSE in lhe presence of severe selective multipathfading vith
much Iess implementation complexity than .\tLSE .

INTRODUCTION
In this paper, we are concerned with QPSK and n/a-QPSK

transmission systems in mobile radio com:runications subject
to severe intersymbol interference(lSI). Firstly ,rve modiS our
indoor channel model for mobile radio communications
because the two rav model used in most papers is not quite
realistic in mobile radio communications Il]. One of the main
cirfferences of our channel is that path delay rrcan be any time
instead inten'als of T
It is well knorvn that lv{LSE , implemented by Viterbi

algorithm(VA)[2] , can provide a significant improvement
compared to the DFE. However, because the implementation
complexiry of MLSE is exponentially increased with ML where
L is the length of overall channel impulse response and M is
the levels of modulations, it is difficult ro implement MLSE
for QPSK or z/4-QPSK which is com:pted by severe selective
multipath fading .

A lot of research has been undertaken to achieve the
performance of the MLSE at reduced complexity[3-9] . Most
of earlier work concentrated on preprocessing techniques to
reduce the channel impulse response to a short length[3J-[6J .

ln [3] , a linear equaliser was used to reduced the overall
impulsc response. Falconcr[4]and Beare[5] investigated the
optimization of the desired impulsc response for fir.ed given
length . Lee[6] used a separared DFE with hard decision ro

0-7803.09 I 7 -0/93503.00 @ 1993 IEEE

(1)
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truncate part of postcursors. Cheung [7] also used a seParate

DFE with soft decision feedback to reduce the channel impu.lse

response but his MLSE is used for ISI introduced b1'

continuous phase modulation. Eyuboglu[8] proposed reduced-

state'sequence estimation (RSSE) with set partitioning which

is more applicable to high level modulations and Duel-

hallen[9J proposed a delayed decision feedback sequence

estimator@FSE), but both RSSE and DFSE only can handle

postcursors.

JIIATHEMATICAL C}IANNEL IVIODEL
The mathematical model used for the complex lo'"v-pass

impulse response of the mobile radio channel is given by

(r= g aL4)/.aib[t-r.(r)l
l=0

rvhere 6(t) is a delta function, ar(t) rs the real positive gain

of the kth path, propagation delay tr(t) rs the arrival time oi
the kth path and tire associated phase shift O*(t) is the phase

of kth path; k is the palh index; in principle, k extends frorn

0 to infinite.
Because of the motion of mobtles, the parameters ar(t), tt(t)

and Or(t) are randomly time-varying functions. We treat them

as slorvly varying random variables in low bit rate and big

Doppler tiequency(f) systems and put special low'pass filters

in the generators of these variables. For high bit rate and smail

f, mobile communication systems, the rate o[ their variatioos

during bursts is very slorv compared to the transmitted symbol

rate. Then we can treat these parameters as time-invariant
random variables. Equation (l) can then be rclvrli:en as

[ollorv:

l{
c(r= r arf'66-rr) (2)

t=0

l. The Distribution Functions of ar, t. and Ot
A. The Probability Distribution of the Pat} Gains,{a.}
Path gains, 01, 8!e rePresented by Rayleigh or Rician

distribution depending on the topography of the site. We usc

two probability density functions (pdfs) for our cbannel model'

(a) Rayleigh DistributionIwhen a line-of-sight(l-Os)
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component is absentl

flx)=\a-'1ni

*here o' is the variance of the faded component.
(b) Rician Disrribution(when a LOS component is present)

fl'i=let*t*weu"<#)

rvhere, A is the mean, ot is the variance of the faded
component, l,(rAlo2) is the zeroth order Bessel function.

For a Rician-distributed cnvelope with a uniformly
distributed phase component, the theoretical spectral density of
the complex envelope of the a, is given by

sa=y6,{l-rn1j\ -fa<tsta

a'

uniform distribution from 0 to 2n.

SYSTEM MODEL
We consider the use of uncoded quadrature phase

modulation(QPSK or r/4-QPSK) systems corrupted by additive
Gaussian noise(AWC}f. as shorvn in Fig. l.

The complex finite baseband signal sampled at symbol
rate(l/T) can be represented as a fiunction of sampling time
and given by:

M
rdrJ= X Q-!n$5,n, (10)

k=-Nl

rvhere r,(t) and q are ith received signal and additive noise
samples, respectively, d, is the conesponding transmitted data

symbol, which is complex-valued, and hd(tJ=h"(kT+tJ is kth
sample of the Frnite overall channel impulse h(t) includrng the

response of the transmitter and receiver filters. For the

quadrature phase modulations,

d,=,12ri'ri' (11)

rvhe re

athcru/isc (o

Doppler frequencv shift. The Rice
of the fading, is cietermined by rhe
power ratio and given by:

(3)

(4)

(o

s(r=0

',rhe:e i rs the maximum
factor, lhar is the severiw
direct to mulripath signal

O,-O,-,=m,1*0 m,=0,1r2r3'2 '
(u)

12
CIM=;=

81' selecrinc C/M=0 a severe Rayleigh fading
obtai ned.

0

channel is

m is the value transmitted by kth slmbol, O is the oifset phasc

shiit, if O is r/.1, \\'e got n/a-QPSK; if O is zero, rve got

normal QPSK.
We assume the composite of the transmit filter and receive

matched filter response are satisfied Nyqust's first criterion in
order to guarantee zero ISL The ISI is only resulted from
multipath fading. According our channel model, rve can use

two methods to represent the overall channel imprrlse
response for equaliser with sampling rate at l/T and be shorvn
in equation (13) and (la). We can implement different channel
impulse respons€ by these methods. When the overall impulse
response is knourn, equation (13) is used, otherwise , equation
(14) is used. The received signal sampled once per symbol at
iT+ to , rvhere to is the sample time yielding the signal sample
sequence, can be rewritten by our method as follows:

B. Arrival Time {rr}
According ro Il], rL can be described by the independent

rnter-arrival exponential probabiliry density function where
LOS is Dresenr.

t
flx)=ls-to

rvhere x>0, a is the mean(a>0), a2 is the variance. This
distribution is suitable for a small cell size. Where LOS is
absent, the arrival times rr=t.-tr.l wer€ modeled by thc Weibull
distribution:

.4ry=&Pt"{if

where x>0, c is a scale parameter (a>0), and p is a shape
parameter (9>o).
C. Phase {Q}
Like others, we assume that the phase of each ray has a

(8)

(e)

K2
r(e=(iT+r)= f, d,_lh*(el/**n, (13)

k=-Kl

t (rJ=X arf'dft,1ro-r ) * n, (14)

impulse responso, h, is the

h. the is multiprth fading

K

k_4

where ho is thc overall channel
transmit filter impulse response,
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PROPOSED REDUCED STATE
FEEDBACK VITERBI EQUALISER
RESULTS

The structure of our proposed Viterbi equaltser ls grven ln

Before RSSDFVE is ,iiscussed, ler us recall horv the DFE
rvorks and rvhy a DFE has much a better performance than a
lrans.. ersal equaliser(TE). The equations of the DFE are given
br':

channel impulse response, h. is the match hlter impulse
iesponse, h" is the overall channel impulse response rvithout
multipath fading, K is the number of multipath, Kl-l is the
number of precursors and K2 is the number of postcursors.
For the sake of easily understanding, trvo static channel

models are used in this paper, channel one is the channel
model used by Proakis as channel A[10], channel two is one
s,hich only has delayed rays with an exponential prohle
compared rvith the main ray and shorvs that there are
precursors for overall channel impulse response. For channel
one, overall channel impulse response h.={4.2,-
0.5,0 7,0.36,0.2); Using equarion (13), our equivalent channel
parameters are lh.rl={0.2,0.5,0.7,0.36,0.2}; 0rr={n,n,0,0,0};
kT={2T,T,0,-T,-2T}. For channel two, Our channel parameters
are ar={I,0.8,0.6,0.a,0.2}; 0r={0,0.1n,0.2n,0.3n,0.4r};
t*={0,0.1T,0.2T,0.3T,0.4T} according equation (ta) and rhe
estimated overall channel impulse response is h"={(0.007,
0037), (-0.072, -0.t48), (t.646, 1.049), (_0.028,0760), (_

0.005, -0.129)). You can see that the firsr precursor is bigger
than first postcursor in inphase channel.

therefore rve introduce the more reliable soft decision rather
than hard decision to improve the RSSDFVE performance.
For our R.SSDFVE, we use channel estimation to get channe,
impulse responsefl ll and update the RSSDFVE meuics by a

method proposed by us. Our RSSDFVE compures the cost
function according to equation (19).

N2
cosrfrp d,(k), tpo i,)l=l(r,- E ap|tn-;-4tnnS1'(rel

k=l

The formed metrics are added to the previous accumulative
metric of the corresponding states to determine a new set of
survivors. The sunrivor with the smallest metric is used to
determine the tentative soft decisions. The final decision of
MLSE is further delayed according to the decision depth of the
Viterbi algorithm which is usually longer than the feedback
part of the RSSDFVE. It is mean rhat the feedb;ck part of the
RSSDFVE can be used as long as the decision depth of the
Viterbi algorithm .

The simulation rezults for channel one and two are given in
Fig.3. The results show that there is 9DB improvement
compared to the LMS DFE rvith correct decision fecdback and
only lDB worse than N,{LSE at SER=1O''? for channel one, and
RSSDFVE has nearly the same performance as MLSE for
channel trvo.

CONCLUSIONS
Our proposed RSSDFVE has follorving characrerisrics:
<l> Good performance
l) This RSSDFVE rerarns rhe lvllSE srmcrure ro obrain eood
periormance and only uses soft decisions to subtract the
postcursor rnlerference before VA metric computations. The
RSSDFVE could equal the MLSE performance if earlier soft
decisions are the same as final soft decisions. Ho',r,ever,
although the earlier soft decisions are not as good as the nnal
soft decisions, they are quickly improved as the delay is
i nc reased.

2) Using MLSE to handle precursors, RSSDFVE does noi
suffer from the poor performance of linear equalisers on
severely distorted channels or lorv SNR because linear
equalisers will introduce noise during the sum, On the other
hand, the taps of linear equalisers will affect each orher,
therefore, linear equalisers need more taps than precursors. It
means that RSSDFVE does not have a linear filter and there
rvill be no noise enhancement for the RSSDFVE.
3) The RSSDFVE can be used for any modularions and
severe distorted channels if we use the method of reduced-state
sequence estimation with set panilioning for high modularions
and time reverse method for long precursors channel where t}te.
delayed patb is predominant[ l2]. This is because tbe
equivalent channel impulse response as seen by equaliser
becomcs a timc-reverse of the actual channel impulse rcsponsc
by rcversing the sequential order of the received signal
samples in time prior to equalization.
4) In our implementation, the RSSDFVE is different from the

DFSE and does not become a zero-forcing equaliser although

SOF-T DECISION
AND SIMULATION

NI
Xn) =t c

;- I

N2
r r(n - i -t//) + | b,, d1n * iy (ls)

(l 6)

(17)

(lE)

whe;e r(n) is rhe input of the DFE , y(n) is rhe output o[ rhe
DFE and d(n) is rhe decision signal, a, are the forward raps
and b, are the feedback taps of rhe DFE, e(n) is rhe error of
the DFE.

For a LMS algorithm, the equations are given by:

e=d(n)-y\n)

c(n + l) =(n) + ),u\n)e'(n)

4n1=d{n)-cHt\n)

$'here c(n)={anr-!... , ar, a@ br.... , \r.,}t, u(n)={r;,r,,1,....,
ri, dr,.... , d*r.,)t , . is the conjug.t., r indicates rhe
transposed conjugate, I is step factor.
\Mhen error propagation is not serious, DFE has a much better

performance than TE because of its decision feedback,
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RSSDFVE uses sofr decision leedback to cancel postcursors.
Our RSSDFVE can handie infinite ISI channels with rational
rciponse by using recursion in path metric computations as the
DFSE does.
<l> Less complexity
For QPSK rvith the 5 ray channel , the complexity of
RSSDFVE is l5 times less rhan I"{LSE because the possible
transitions become from .lJ to 4r. lt is apparent that the
complexity is much less iI the channel impulse response has
long postcursors.
<3> Flexibility

For ferver precursors channels, rve can let MLSE handle not
onlv precursors but also some postcursors so that morc
delayed soft decisions are used and make the error propagation
become negligible. In this case, our proposed RSSDFVE will
reduce to DFSE if the precursors are zero. If tve introduce set
partitioning in the RSSDFV[ , ir rrould reduce ro RSSE with
this condition.
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t

gesting thar the preliminary decisions used in the feedback process are of
considerably poorer quality than the final ones. Hence .rro, prop.gation is
bound to be serious, and particularry for small values of M tire predicrions
of table II are bound to be somewhat too optimistic.

10. Simulation results

. . 
To validate the predictions of tabres I and II, we have performed a set of

bit error rate measurements for signal-to-noise ratio,s

sr:
. F - lk

SNRA!D-t=o,\/ r Irvo iyo

ranging from 0 to 15d8. Figs i0 to 12 depict the results for the channels with
fP) = (? + 9t)2, /(9) = (2 + gxr + 2g) and /(g) = (r + 2g)2, respectivery.
The significance of minimum-phase is evident from these figures. For the

(4s)

l0'

IU

03691215
SNR IdB)

Fig. 10. Bit error characlerisrics tBFR) fnr wrila,,. .^^-i.,^-- ^-^--.:nd1=12-*et)i.r'ii?r'l'#'j';;,,o,,Tililtil,rt***T:ijlB"j;:i",1,,':,,T,1
. 

wirh global feedback: c) preliminary decisions *iit o.t.y o=,v ofM= l vD wirh rocarfeedbackl d) Finar decisions of M - i vo *i,t gi.irr feedback: e) Finar decisions ot ,v = |VD with tocar feedback; f).preriminarv a;"ri..,"*i,rr deray o=ii"i i"ir-ri.+.d vD (M =2); g) Finat decisions of fulr'ffedged vo t,ra = il. ri,e Matched Filter Bound (MFB) is arso
depicted (curve h).
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Viterbi detector

,o'
8ER

aI ro''

+ s,vR H8)

Fig. li. As fig. 10. but for a channel rvith/(?) = (2 *3Xl + l!})'

DFE (M:0) and the M = I VD the other two phase characteristics invari-

ably result in serious performance degradations. Somewhat less stronslv' a

similar remark applies for the preliminary decisions of the full-fledged VD

loo

10'

8ER

tI ro'

* SNR (dBl

Fig. 12. As fig. l0' but for a channel withfl'r1= (l + 2?b):'

Phiti9. Joom.l ol Rc*rrclr vol.42 Io. I llt? t23

256



loo

lo"
8€R

tt 1o',

lo''

7o',

ur69t2ts
+ SNR ldB)

lt,^.::or. characterisrics (BER) for vanous receivers operarrng on the D = j 0 chan"a) DFE (,1/ = 0); b) VD with M = t; c) \D wirh ,rf = z, Ol VD with ,l/ = 3. ThelVtatched Filrer Bound llUFnj is also depicred (curve e.).

(M=2). lhe consequentiar increment of the detection delay D needed tovinually achieve MLSD performance is eraborated in more detair in ref. 33.ln this paper, it is arso shown that the e-function which governs the prob-
ability of erroneous preriminary decisions is preceded by a-constant of pro-portionality whose value normally decreases rapidlv witrr the derection delay
D. This explains the somewhat better quarity of the preriminary decisions than
anticipated on the basis of table I, especially for O = U = i.

Particularly for the finat decisions and minimum-phase channels, global
feedback indeed leads to inferior performance figures as compared to local
feedback. Judged by the predictions of tabre I, figs l0 to l2 suggest that the
severeness of error propagation decreases with M, and that itli smallest in
the minimum-phase situation.

Because of its modest amplitude distortion. the o= 2,0 channel causes lit-
tle error propagation for any of the receivers studied. Thus performances are
observed which validate the predictions of table I, and which are essentiaily
identical for both types of feedback (fig. 13). Also. even the poorest prerim-
inary decisions (viz. those with delay o= M) are invariabrveffecti'el'as good
as the final ones. For this reason, fig. 13 contains only one performance curvefor each value of M. Here, the M = 3 VD virtuaily achieves marched filter
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On the rut of aec*ton feedback

loo

l0'
BER.

t
' Io'

912
* snn (dB)

Fig. la. Bit error characrenstics (BER) for various ,v = I receivers operating on the D = 3 3

channel. a) Pretiminary decisions with detay D= M. elobal feedback; b) Preiiminary dect-

5ien5 wirh delay O=M, local feedback: c) Final deciiions. global feedback,; d,) final deci'

sions, local feedback. ft. Ofi p.tformance (M = 0, curve el and the Matched Filter Bound

(MFB. curve f) arc also shown

EET<

I
I' 10'

Fig. 15. As frg. l'1. but for 'V = 2
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and F.A.M. van de Laar

100

t0''

8€R

t' to''

10.,

t6'

+ SNR (dB)

Fig. 16. As fig. 11. bur for M = 3.

bound performance. It is hence effectively as powerful as the full-ffedged vD
detector.

For the D=3.3 channel, the performances acrually achieved by the DFE
(M = 0) and the M = r vD wirh global feedback 

"r. 
tlightty poorer rhan ex-

pected on the basis of table I (see fig. la). This means thar error propaga.
tion is significant. To a smaller extent, this is also true for the M = 2 re-
ceiver with global feedback (fig. 15),

In both figures (14 and 15) the preliminary decisions with delav D=,v are
seen to be considerably poorer in quality than the final ones, in accordance
with table II. Finally, f.or M = 3 the measured performances accuratel_v re-
flect the predictions of table I (fig, l6).

Figs i4 to 16 confirm that error propagation decreases as M increases, and
that the performance estimates derived before are indeed quite accurate.
particularly if local feedback is used. The results reconfirm the expected su-
penority of local over global feedback. The advantage is largest for M= l.
and then amounrs to about 0.8d8. The M = I receiver with local feedback
is seen to be effectively as good as the more complicated M = 2 and M = 3
receivers. This remarkable phenomenon was indeed predicted in table II.

ll. Concluding remarks

In this paper we have exprored and compared two methods of simprifying

426 
phinp! Joinrt ot Rlorct vot.,az \o. a t9r7

259



On the use of decisiort feedback the Viterbi detector

the Viterbi detector (VD) bv using feedback from preliminary decisions

fr.r.n, in the VD. The firsr one uses rhe mosr likeli,data purh ro perform

a global cancellarion of trailing intersvmbol interference outside the span of

the VD. The second one forms a separate compensarion signal for each path'

which is used for the recursive extension of that data path only' In this wav

erroneous cancellation may be avoitled at instants rvhen the VD fails to re-

gard the actually transmitred data sequence as the most likely one. This yields

an improved error propagation behaviour. particularlv for channels with se-

vere amplitude distortion and when the vD exploits onlv a small intersvm-

bol interference span. we have shown that the vD with local feedback is in

fact a simplilied reduced-state detector. which differs from the conventional

one in that a highly,structured subset of the orisinal states is retained' thus

e.s. omitting the need to use a stack and to orden it according to the like'

tihood of the contalned states. Although it involves a somewhat larger com-

putationaleffort.thelocalmethodoffeedback.v-ieldsafullyhomogeneous
receiver strucrure with less latencv, This facilitates the use of parallellism and

the realization of dedicated high-ipeecl implementations' We have shown that

io,r, i"p., oi receiver can be easily implemented adaptively. without re-

quiring a separate adaptation mechanism to determine an optimum Desired

lmpulse Response 1Oinl. as needed for simptifving the VD by means of lin-

ear equalization onlY.

Simpleestimateswerederivetlfortheperformanceofthedetectorinthe
absenceoferrorproPagation.Theseestimateswereusedtoshowthatits
optimum prehlter shouli rranstorm the impulse response of the channel into

an overall system impulse response rvith minimum-phase' Because it should

alsoperformanoisewhiteningoperation.thisprefiltershouldbethecan.
onical form of Forney's whitened matched filter. irrespective of the precise

spanoftslexploitedbythedetector.Simulationsforseveralchannelshave
confirmedthevalidityoftheperformanceestimates.andhaveshownthat
even subsrantial reductions of the span of the VD (and thus substantial sim'

plifications) clo not seriouslv degrade its performance'
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VLSI IMPLEMENT/t'IION OF
EQUALIZERS FOR MOBILB

Peter Jung* and Paul Walter Baier**

Introduction

In the course ofthis paper, advantageous optimum
and suboptimum receiver structures operating in
the iF domain, therefore, enabling real signal pro-
cessing and reducing the hardware expense are pre-
sented. Petri net representations of the soft qutput
Yiterbi pqualizer (SOI/E) and the transition m+
tric calculation combined with the so'called "add-
soft-output-select" recursion are given. Ifence, an
efficient design flow as well as an easy to accom-
plish validation of the functionality of the design is
achieved. F\rrther, the impact of the quantization
and the duration of the channel impulse response on
both the performance and the complo<ity of SO\IE
VLSIs are considered.

Communication system

In digital mobile radio systems, spectrum efficiency
is the most important goal. Hence, bandwidth effi-
cient modulation schemes such as GMSK (Gaussian
minimum shift keying) and GFSK (Gaussian fr+,
quency shifU keying) are often applied. It is a well-
known fact that binary digiial continuous phase mo-
dulations (BDCPM) with modulation indoc lf2 can
be approximated by linear modulation sdremes [].
Recentlg a simple modulator structure for the di-
rect generation of BDCPM signals in the IF domain
has been presented [2, 3]. Accordingly, assuming
the transmission of finite bursts consisting of binary
data sequences {ap} with K elements, rVith the real
impulse Do(t) of a finite duration, the IF domain
output signal s(e) of the BDCPM modulator with

PrrBucArIoN DAre, El-0 ts P
(furrncr btttiognphic &ti oo qg:c' Pagc)
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SOFT OUTPUT VITERBi
RADIO APPLICATIONS
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respect to a carrier frequency

" Ai-rl": ff, i € IN, (1)

is approximately given by

K-l
s(t) = f asDq(t -,kr). (2)

,b:0

Due to the time-variant and frequency-selective
multipath reception caused by the mobile radio
drannel, the intersysmbol interference (ISI) must
be removed in the receiver by an adaptive equalizer.
It has been shown that the optimum receiver struc-
ture consists of a whitened matched filter (WMF)
at the receiver input sampled at the bit rate 1/?,
followed by an ISI cancellation device based on the
ma-rimumlikelihhod sequence estimation (MLSE)
principle [4]. The latter can be efficiently imple'
mented rising the Viterbi algorithm operating over

additive white Gaussian noise (AWGN) channels.

According to (2), the signal processing in the recei-

ver can be carried out in the IF domain choosing a

frequency given by (1). This leads to a significant
complexity reduction of the digital signal processing

because no complex calculus has to be applied any

more.

A further simplification of the signal processing

can be achieved by the omission of the WMF, cf.

Fig. 1. After the received and distorted signal has

been converted into the IF domain it is oversampled
at the l:ate ofT, o > 1. The sample sequence {r*}
is reordered in sets containing samples which are

separated in time by one bit duration ?. For each

one of these sets, the channel estimation is carried
out, and on the basis of an appropriate criterion
one of these sets named {rs} is selected. The se-

quence {rs} and the corresponding estimated chan-

nel impulse response {gr} *e then put into the Vi-
terbi equalizer which estimates the output sequence

{Sr}. By appropriately choosing the bandpass filter
at the receiver inpui, the noise samples separated
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in time by one bil duration ? can still be resardecl ,-: n(m+21-t) - ,(^+zL-')-' f;{^+zr'-r;12 r^- {L^
as uncorrelated.. Hence, r,he same Viterbi "o-i; 

uno.",ol - ri * Loo I .lor-tne
which is used in the wMF receiver can be ;;ii;. next time ins[ant ('t + 1)r are calculated' The

srmularrons have shown a degradarion u.roiu ili {":::":ioned soft decision output is directly re-

' .;-:.-] ,:;;;":^-^;.:] ' --- presenred by the difference
compared with the optimum WFM receiver.

S[';i*b, : Pr(*) - P(m+21-t). (3)

Channel as a finite state machine
This is explained by the following exampie exami-

From the viewpoint of the Viterbi equalizer, the ap ning state 0 of the trellis depicted in nig. B. In [he
proximately linear modulator, the physical mobile .r.sJ or po(o) beirrg lower than fjr), tnJ transition
radio channel, and the receiver bandpass filter form sbarting ai the preceding state dwould be chosen.
a FIR filter with a tap spacing of one bit duration Thus, ihe soft 

-output 
would be negative. In theT' As shown in Fig' 2, this FIR filter :T bt vice versa case, the soft output would bu positive.

modelled as a finite state Mealy q19hine. [4]. A:* Hun.., the soft output is correctly represented by
ming a time-variant sequence 91 of (.L * 1) samples, (g). T'he calculation of the soft output replaces the
each sample representing the signal attenuation in- ;compar",' action of the add-compar+select (ACS)
troduced over each one of the (.L * 1) paths_of the unit.'The new action sequence is called "add-soft-multipathdtannel,thenextstatefunction6,con.o;iDut-sele
tains|registersstoringtheelementsofthestateGcrI1i+b)isselected.As
vector zr| p!-r , "!-i, ..., rok1 at the time instant L"L: lll..ltl
ei. iil"uti,i: zur&i"n ,,'iutputs th. dd;;il lt-:,:[Tin Fig' 3' the signal processing can be

l?itf,j*- : Lkook-tstwhictris then dt'tr'# rrffit;:trf*?rf::'fffffi;:ff:HH';"rHuJ nvvur\' 
final states [6]. In-the ca^se of 2' trellis states there
ls a. maomum of 2L-r such components' which

soft output viterbi algorithm 4". ."11:1j:ansition-me-ilic/-?d9:poft-output-select

DuetotheconespondenceoftheFIR*ouutno*nwrneededtocalculatethetre1lis
in Fig. 2 to a convolutional encrcder, the Viterbi al-
gorithm is known to be an optimum equalizer struc- In the case of a transmission of bursts which wasture [4]. UnfortunatelS hard decision equalizers ,_:_;---_::
qrscar., valuaDre mrormation whictr could ff.iiH already assumed in (2), the calculation of the trellis

1 1!lp:l'g.*:$pu unit. Hence, um"i"niffi :n: ::j"*ff::rt::-;ilT :iH,"""1i: ilL:
mentations of the Viterbi algorichm for ISI cancel- ..i'fi, i'f"i'Fig. 4. After proper initializarion, the
lation must provide a soft decision output' TM/ASos processing is carried out until the suf-

ficient set of statistics of the transmitted sequenc€

Since it is rather costly to calculate the opti- {ae} has been entirely used for the calculations. In
mum soft output value suggested in p], a simpli- the case of transmitting i known tail bits following
fication represented by the product ol the deci- the K data bits, the final state of the trellis is ex-

ded output bit and the absolute value of the dif- actly known, and the comparisons of final path me-
ference of the possible path metrics leading to the trics in order to decide the initial state for the trace
same trellis state is used. In Fig. g-the re- back are not nec€ssary. Thus, the hardware com-
cursion step of a SOI/E operating over a $path plexity is reduced. The trac+'back is carried out
drannel (L : 2) with binary data input is illu- rsing the first calculated and stored data while the
strated. In every state of the trellis, the acti. next burst is already calculated by the TM/ASOS
ons to be carried out are shown. After deter- processor. Both the TM/ASOS and the trace-back
mining the possible undisturbed samples Vy) : processing.are carried out until the final burst has

-9t *Dht "'{rgr+ (2b - 1)9s and yf*'"-') - been calculated'

*gr' + ti;t ,L-'gt + (2b - 1)9s, with b being the
possible binary input to the channel of Fig. 2, TM/ASOS and trace-back processors
the metric increments lr[-'l' = f"* - ,t-)l] and I" rhir r*ri""Jhr h*d * *
f ,{-+zr-r).lz | ',-*i"-,.,.1h . '. tional parts of the TM/ASOS and trac+back pro-

L"t J = Ltt - 9a 'I are calculated. cessorsi is discussed. The most hardware expensive

Based on the parh metrics 4-)r"afl'n+2&-r) the part of the|OVE is formed by t'he TM/ASOS pro-

rwo possibre parh merrics ri*) = r[*,* t4-;it ::il::ll::lil?::ti?f';#;;,:"'fl""Iyjf?:
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achieved. Assuming {g bits for the quantization of
the channel impulse response {g,}, g, bits for the
quantization of the input sequence {rs}, g,n1 bits
for the quantization of the metric incremen0s,

nr = flog2[( K + L112t^, - 1)].l, (4)

bits for the quantization of the path metrics, f.'l
denoting the rounding of . to the nearest integer
towards *oo, and qs bits for the quantization of
the soft output, the complexity &crr,r/esos of the
TM/ASOS unit hardware is.given as iollows:

kru/Asos: 2[14'1]e6-"66(qr)

+ 4'ku-"aa(gt)

+ 6&u-'aa(qr)

+ 4&u-'q'(q')

+ 2[.L - lJk*g'-*i(qs) (s)

+ 4'b"ntt-n"g(gr)

+ zlee + 29, * grlkin"

+ 2lL+2lk.,",2
+ 2qF,hmux21.

+ eig
store fl

+ {tr+1lFpip"(qe).
store {91}

lt (s), ku-.aa(g), ku-.qr(g), h,,t,-nus({), kin",
kcxor2, kmux2t, and ,kpipo(C) correspond to the com-
plexity of a binary adder for q-bit quantized words,
a bina.ry squarer for g-bit quantized words, a con-
trollable two's complement negate operator for g-bit
quantized words, an inverter, an exclusiv+or gate
with two inputs, a 2 to 1 bit multiplexer, and a
parallel-in-parallel-out register of width q, respecti.
vely.

The block diagram of one half of such a
TM/ASOS unit is depicted in Fig. E. In the case of
the parameter b equal to one it is the upper half and
in the case ofb equal to zero it represents the lower
hall cf. Fig" 3. The actionS to be carried'out by
each half of the TM/ASOS unit are shown in the
Petri net of Fig. G. Using modern semi-custom

IMOS technologies, and assuming .L < 16, each
TM/ASOS unit will operate in a lime interrral of
a duration well below 100ns. Therefore, for $path
and &'path channels typical for digital mobile radio
systems! the implementation of just one TM/ASOS
unit within the TM/ASOS processor is sufficient for
transmission systems operating at data rates below
50Okbit/s.

In order to enable the presetting of the path m+
tric registers at the beginning of the-l[tvflASOS cal_
culation, with h"n62 being the hardware expense of

an and gate with bwo inputs and k6""o6ur6qo2a being
the hardware expense of. a L to 2' decoder, the fol-
lowing hardware adds to kru/esos:

,tr""er : 2'gn[ft-u"zt +,t"nazl (6)

+ ,tpipo(l) * &decoderttozr.

When using only one TM/ASOS unit, the newly
calculated path metrics cannot all be stored directly
in the 2i registers. It can easily be seen that there
arc 2L-2 more regsiters needed to guarantee a pro-
per processing. Hence, the expense of the trellis
registers is given by

htcrris = 5.2f,-2koipo(9r). g)

In order to correctly store the calculated path
metrics and the sofc decision outputs in the trellis
registers and a RAM, respectively, a demultiplexer
logic is necessary increasing the hardware expense
as follows:

&d",nu* = 2L-2qska" u*t2

+ 2qFkdcmuxl(2 r,-r -2L-3)
+ l"ou*u.(tr - 1) (8)

+ &**",iiroerfr+ rltl
column

with &4",nurt2r kdemuxl(2L-r -zL-:.), and k"ouns.r(q)
being the hardware expenses of a 1. to 2 demultiple-
xer, a 1 to (2t-1 -2L-3) demultiplexer, and a g-bit
counter, respectively. The two counters are used for
the determination of both the row and the column
address of a RAM cell.

The operational pari of the trace-back processor
is comparably small, consisting only of the addres-
sing logic for the RAM.which contains the calcuja-
ted soft decision output data

kjs = k"ioo(.L) * k ounter(flog2(K)l)

-- 
\-\,#

with k";oo(q) indicating the hardware expense of a
q bit wide serial-in-parallel-out register.

Since the RAM for the.SOVE following the pre,
sented principle is la.rge, it is not recommended to
integrate it on the \|LSI itselfbut to use an external
RAM.

Results
ln order to estimate the impact of the finite resolu-
tion due to quantization on the performance of the

(e)
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cos(2n'lt) olT

Fig. 1: Simple suboptimum receiver structure using IF domain signal processing

q, / bits q, / bits q.i / bits qr / bits
gafe counts

L:4
gate counts

L:5
5 8 6 13 = 8.0k = 13.0k
5 8 7 14

^, 
8.5k = 13.5k

D 8 8 15 = 9.0k = 14.5k
6 7 7 14 * 9.0k = 14.0k
6 7 8 15 s 9.0k = 14.5k
6 8 6 13 = 8.5k = 13.5k
6 8 7 T4 = 9.0k = 14.0k
o 8 8 15 = 9.5k = 15.0k
7 7 I 14 s 9.0k = 14.0k
7 I 8 15 * 9.5k = 15.0k
7 8 6 13 = 9.0k = 13.5k
7 I 7 t4 = 9.0k = 14.5k
7 8 8 15 * 9.5k = 15.0k
8 I 7 14 az 9.5k *z 14.5k
8 7 8 15 = 10.0k = i5.0k
8 8 6 13 rv 9.0k ry 14.0k
8 8 7 14 r 9.5k = 14.5k
8 8 8 15 s 10.0k E ID.DK

Fb. 1: Complexity of the operational TM/ASOS and, trace-back processor parts of the
SOVE with external RAM
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SOVE, the degradations resulting from the subop-
timum receiver filter and the channel estimation as

well as the sample set selection had to be surpres-
sed. Therefore, the channei impulse response {g1}
was preset and the undisturbed samples ru,,c were

calculated accordingly and then superimposed by
an AWGN sequence. The quantization of {g1} and

[r1'] was then carried out and the quantized data
were processed by the SOVE. Typical simulation re
sults of the bit error rate as a function of the SNR
per bit using different sets of (gr, ee, g-;) are presen-

ted in Fig. 7 for the case of a &path channel with
an impulse response typical for hilly terrain. It has

been found that for g, 2 5, q" 2 7 and g-i 2 6

there exist sets of (er,es,g,n1) which lead to degra-

dations below 0.5dB compared with the optimum
performance in the case of no quantization.

in Tab. 1, these sets are compared with re-
spect to their hardware expense of the operationd
TM/ASOS and trace-back processor parts of the
SOVE for &path and &path channels assuming an

upper bound of 128 for the sum of K and l. It can
be seen that the most important parameter for the
complexity of the SOVE is the duration (tr + 1) of
the channel impulse response {gs} followed by the
quantization gmi of the metric increments, whereas

the effect of changing g, and gr is almost negligible.

It must be noted that the bit'enor rate depends
on the tlpe of gain control at the input of the
SOVE. In the case of a non-ideal AGC, a signifi-
cant increase of the BER must be expected. Hencc,
it should be recpmmended to choose rather large
values of g. ) 7, gs > 7 and q-1 2 7 for the design.

Conclusions
In the course of this paper, a SOVE operating in
both the optimum and suboptimum receiver struc-
tures has been presented. The soft decision out-
put can be calculated in a simple fashion be r*
placing the'compare" action of the TM/ACS unit
by an appropriately chosen subtracter forming the
TM/ASOS unit. The Petri net representation of the
SOVE and the TM/ASOS recursion have been in-
troduced as a simple means of describing concurrent
hardware, thus enabling an easy to accomplish va-

lidation of the'\fLSI design. The hardware expense

of the operational parts of both the TM/ASOS pro-
c€ssor and the trace-badc Drocesso! have been esti-
mated for a typical implementation of the SOVE
as ittbuld be used in mobile radio systdfr with
moderate data rates operating over channe!_s_ with
impulse responses of up to 5 five symbol durations.
The estimations can be easily extended based on

the introduced equations. The impacl of the quan-

tization of {rs}, {91} and the metric increments on

the performance have been studied by simulations.

Based on these data, an efficien[ design of the SOVE

can be reached.
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next s[abe funcbion 6' rlr

z* - {r!'t , zLr-', ..., z2}

output function c,.r'

?'u,,t

Fig. 2: FIR transmission channel as finite state machine (Mealy modelling)

Ak

9t-t.r.

eft)=r[11+[aftr1'? e{t)=tftr+[attl]'

rj3) = r[J, * [r[t)]' rjsr=rfat*[r[t,]'
rir)=r[!1+[a[tr1z rjt)=p1tr+[a[t11'?

rfo) - 
"1r1

rfz)=ptzr+ldt'?)]'z l.(t)

"1" - "i,, l;iilnfo) = r[o], + 
[a[011'? efo)=eto)+[atorlz

rj')="[?,+[a[o]'z
rjo) - rjzl

rj2)=r[z)*[r[,,]' sl'_,.xft
r(l)'t+lrjo)=rjor+[a[or1z

Fig. 3: Recursion step
quences {ap} and 3-path

of the Viberbi-equalizer
elrannels (L:4 --

(Meajy modelling) for binary data se-
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k<K+L

TM/ASOS initialization:

Set k : 0, initialire {*) ,0 1m < 2L - 7

TM/ASOS recursion:

Determine 4fl, s[Tl, o 1m 121 - !,increment &

Tlace-back initi alization:
Sei ,t' :0, preset Zx+r,,

Tlace-b a'ck recursion:
Determine Sx+r-p-t, Zx+t-*,-r, increment ,t'

k: K * L

Not ali
bursts

equalized

All bursts
equalized

All bursts equalized Not all bursts equalized

Fig. 4: Petri neb of the Viterbi-equalizer (Mealy modelling)
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Fig. 5: Block structure of one half of the TM/ASOS unit, with 2CE, 2C -,2C(')2, E, and MUX denoting the two's complemenl

adJition, the tu.'6'a complemenl subtraction, ihe t*o's complement square opera[ion, the binary addition, and the multiplexing

operation. In the case oi b equal to one, the shown block structure repreents the upper half and vice versa ihe lower halt of the

TM/ASOS unit

y)

g
u,

F
o

d

0

h0

f:{

d[-
i{
T .L-
9^a. e .

o

?igs
qtl

O*q-E
T

tri
vr *

--'J .- Vl
l. '-

n elcis y
V5- Al 6pE*i E^-
= Y'.' 9 I.d?I Y\*

3o.
'x

T?ix-:
F

ilq
eIE:aNr +
'7{ Erllr .$ +

t ri*
(! 1lVo
?nl
Ei_ a
cI f-6 .Ei
= rh*

584

270



100

B
E
R

10-l

100

B
E
R

10-l

s SNR/dB 10

s SNR/dB to

Fig' 7: Comparison of simulated bit error rates depend.ent on the quantization. The
numbers in brackets refer to the resolution (Qr,Qe,q-1), respectively. The order of the
legends correspond to the order of the BER curves. Legendrnot being separated by a
line skip indicate idenbical BER curves
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control-ling the decoding operations; ,Johannes Y. Tichelaar, 348/466, 432,
845. 1 [TMAGE AVArlt\BLE]

'7. 5,848,!O'7, Dec. 8, 1998, Transmission system with improved symbol
processing; Norbert J. L. Phili-ps, 375/342, 355 [IMAGE AVAIT'aFlLE]

8. 5,844,944, Dec. L, 1998, Simultaneous analog and drqital
communicatj-on using parti-tioning of bits into words; Willram Lewis Betts,
et al., 3'75/298, 26L IIMAGE AVAILABLE]

9. 5,844,920, Dec. L, 1998, Thermal asperity compensatj-on using multrple
sync marks for retroactive and split segment data synchronization in a

magnetrc disk storage system; Christopher P. Zook, et al.f 360/51;
'tt4/'765, 7'75 [TMAGE AVATLABLE]

10. 5,841,8L1, Nov. 24, 1998, Apparatus and methods for signal recovery
in a drgrtal communicaLion system; Abraham Krieger, et al., 3'75/340
I IMAGE AVAIT,ARLE]

11. 5,838,728t Nov. L7, 1998, High rate reed-solomon concatenated
trellis coded l-6 star QAIII system for transmission of data over cellul-ar
mobile radio; siavash M. Alamouti, et al., 375/265, 332/103; 375/298;
'7 14/'l 92 [ rMAGE AVATLABLE]
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12. 5,835 ,532, Nov. 10, 't998r Blind equalizer for a vestr ^i-al sideband
signal; christopher Hugr rolle, et al-., 375/233; 358/72 3'75/32L;
455 / 205 [IMAGE AVAIT,aRLEI

13. 5,832,030, Nov. 3, L998, Multi-carrier transmission system utili-zing
channels with different error rates; MichaeL A. Tzannes, et a1', 375/26A;
3'70/ 48O; 3'?5/285; '104/2AI IIMACE AVAIT'aRLE]

14. 5,828,g54, Oct. 21, 1998, Transmi-ssion system for digital audio
broadcasting; Jin-Der Wang' 455/260, 265 [IMAGE AVAIT'aRLE]

15. 5,825,807, oct. 20, 1998, System and method for multiplexing a

spread spectrum communication syitem; Derek D. Kumar, 375/200; 370/203;
.7 L4/'1 46 [IMAGE AVAILABLE]

:-6. 5,822,368, oct. 13, 1998, Developing a channel impulse response by
using distortion; .Tin-Der Wang, 375/229; 708/404 [IMAGE AVAILABLE]

L'7. 5,81_5,529, Sep. 29, 1998, Transmission system for digital audio
broadcasting that incorporates a rotator in the transmitter; Jin-Der
Wang, 375/285, 280, 308, 332 [IMAGE AVAIT,aRLE]

18. 5,8L2,53g, Sep. 22, 1998, Dual mode satellite/cellular terminal;
Paul W. Dent, 3'70/32L, 318 [IMAGE AVAII,ABLE]

19. 5,809,060, Sep. 15, 1998, High-data-rate wireless local-area
network; John H. Cafarella, et al., 3'75/206 [IMAGE AVAIIABLE]

20. 5,805r619, Sep. 8, 1998, Method and apparatus for sampled-data
partial-response signal timing error detector having zero self-noise;
FJ-oyd Martin Gardner, et al., 360/51, 375/37 6 [IMAGE AVAIT'aRLE]

27, 5,802,0'lg, sep. !, L998, Transmission system for digital audio
broadcasting; Ji-n-Der wang, 3'75/365, 366, 367 [IMAGE AVAIIJ\BLE]

22. 5,799,047, Aug. 25, 1998, Carrier synchroni-zati:on unit and
synchronization method; vasic Dobrica, 3"75/350, 354; '108/320 [IMAGE
AVAILABLE ]

23. 5,'793,'759t Aug. I!, L998, Apparatus and method for digital data
transmrssion over vj-deo cable using orthogonal cyclic codes,' Selim Shlomo
Rakib, et a1., 3'10/342; 348/6; 370/44L, 455/3.1- [IMAGE AVAIT,ABLE]

24. 5,'768,323, Jun. !6, 1998, symbol synchronizer using modrfied
early/punctual/late gate technique; Brian W. Kroeqer' et a1.' 375/355,
344, 345 [ IMAGE AVAII,ABLE ]

25 . 5,'7 64, 646, .lun. g | 1998, Packet data transmission with clash
subtraction,' Paul W. DenL, 370/ 4'79, 342 [IMAGE AVAJT'ARLE]

26. 5,75"1 ,789, Ytay 26, 1998, Dual mode satel-lite/cellular terminal; Paul
W. Dent, 3'70/33'7, 34'1, 501-; 3'75/202; 455/524 []MAGE AVAILABLEI

2'l . 5,'757 ,78'l. , May 26, 1998, Dual mode satell-ite/cellular terminal; Paul
W. Dent, 3'70/330, 33'r-, 436, 468, 478; 455/450 [IMAGE AVAILABLE]

28. 5,?54,538, May 19, 1998, system for transmitting learnrng
informati-on via a time-varying transmission channel and correspondi-ng
transmission and receivj-ng equipment; Vinod Kumar, et a}., 3"10/347, 4981
503, 535; 375/230, 23L, 232; '709/224 [1]4AGE AVAILABLEI

29. 5,751,7'14, May 12, 1998, Transmission system for digitaL audio
broadcasting; ,Jin-Der wangf 375/367; 370/509, 5L5 , 522; 375/26I , 29.8, 364
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IIMAGE AVAIIJ\BLE ]

30. 5,751 ,'766, May 12 , rt)8, Non-i:nvasive digital conununluations test
system,' Jeffrey Marc Kletsky, et a1., 375/224; 348/184, I92, 193;
3"75/225, 228, 285, 326, 344, 346 [TMAGE AVATT,ARLE]

31. 5,75L,730, May L2, 1998, Encoding/interleaving method and
corresponding dernterleaving/decoding method; Christophe Mourot, '7L4/'lB0
IIMAGE AVAIT.ARLE]

32. 5,'748,686, May 5, 1998, System and method producing i'mproved frame
synchronization in a digital communication system; Ehud Langberg, et al.,
3'15/367 ; 3'70/5L5; 375/368 [TMAGE AVAILABLE]

33. 5,742,642, Apr. 2I, 1998, Signal processing method and apparatus for
reducing equalizer error,' Antoni Fertner, 3'75/233, 348t 350,''708/323
IIMAGE AVAILABLE]

34. 5,'742,622, Apr. 2L, 1998, Error detection and correction system for
a stream of encoded data; Anthony Peter.Tohn Claydon, et al., 714/790
IIMAGE AVAII,ABLEJ

35. 5,'732,1J-3, Mar. 24, 1998, Timing and frequency synchronization of
orDM signals; Timothy M. Schmidl, et al., 375/355, 354 [IMAGE AVAIT,ARLE]

36. 5,'729,558t Mar. !7, 1998, Method of compensating for Doppler error
in a wireless communj-cations system, such as for GSM and IS54; Mohammad
Shafiul Mobin, 375/232t 341-t 346 [IMAGE AVAIT,ARITE]

3'7. 5,'729,538, Mar. 17, 1998, Dual mode satellite/celfular terminaf ;
Paul W. Dent, 370/347, 349i 7L4/746 [IMAGE AVAIT,aRLE]

38. 5,7L9,923, Feb. 11, 1998, Sketching unit for transmission of
sketches and notes over normal telephone l-inesi Gordon Bremer, et a}.,
3'79/I00.OL; 3'7 A/ 493; 3"19/93.1"7 [IMAGE AVAIT,ARLE]

39. 5,715,280, Feb. 3, 1998, Method for partially modulati-ng and
demodulati-ng data in a mul-t1-carrj-er transmission system; Stuart D.
Sandberg, et al., 375/260, 26I IIMAGE AVAILABLE]

40. 5,'7 1-2,873, Jan. 27, 1998, Multi-mode equalizer in a drgital vi-deo
signal processing system; Dong-Chang Shlue, et aI., 3'75/233, 23Ot 23Il
232 [IMAGE AVAIT,ARLE]

4t. 5,703,904, Dec. 30, 199'1, Impulse noise effect reduction; Ehud
Langberg, 3'75/232;'708/ 322 [IMAGE AVAILABLE]

42. 5,694,423, Dec. 2, t997, Method and apparatus for detecting and
correcting misconvergence of a blind equalj-zer,' Patrik Larsson, et aL,
3'15/23L, 232 [TMAGE AVAIT,aRLE]

43. 5,692,0LL, Nov. 25, i-997, Dual decision equalization apparatus;
Ramin Nobakht, et al., 375/233; 333/ t.8; 375/341, 348; "708/323 [IMAGE
AVAI T,ARLE ]

44. 5,684,834, Nov. 4, L997, Simultaneous analog and digital
communication using fractional- rate encoding; William Lewis Betts, et
al., 375/298, 26t IIMAGE AVATT,aRLE]

45. 5,6"17,934, Oct. L4, 199"7, Multipath propagation compensation in
TDMA system; Kjel1 I. Ostman, 3"1 5/349, 231 , 232; 708/31,3, 323 [IMAGE
AVAILABLE ]

T. Bocure

275



46. 5,675,697t oct. 7, ta97r Signal restoring apparatus r- DVCR using
two

4'7 .
w.

threshol-d values; D< Wha Lee, 386/124, 40 IIMAGE A\ ,ABLE]

5r 663 t957, sep. 2, 1997, DuaI mode satellite/cellul-ar terminal; PauI
Dent, 3'70/347, 350, 468; 375/267; 7L4/e2l IIMAGE AVA] T,ARLE]

48 . 5, 66'J", 718, Aug. 26, 1997 | Simultaneous analog and digital
communication; Gordon Bremer, et al ., 3'70/20'1 , 286; 3'75/222 [IMAGE
AVAIT.ARLE]

49. 5/659,5?8, Aug. 19, 1997t High rate Reed-Solomon concatenated
trellis coded 16 star QAM system for transmission of data over cellular
mobile radio; Siavash M. ALamouti, et al-., 3'l5/26I, 265, 322, 34I;
'114/'7 92 [ ]MAGE AVAIT,aRLEI

50. 5,636,246, Jun. 3, L997, Multicarrier transmission system; Michael
A. Tzannes- et al., 375/260; 370/480; 375/22L lIMAGE AVAIT,aRLEI

51. 5,625,652, Apr. 29, t997t Timlng recovery controller and method for
adlustrng the ti-mrng of synchronizing windows i-n a PSK demodul-ator; James
E . Petranovi-ch, 3'7 5 / 355 , 329 , 365 [ IMAGE AVAIT,aRLE ]

52. 5,610,949, Mar. 11, L99'7, Phase detector and a method determ:-ning
the phase of received PSK symbols; James E. Petranovi-ch, 3'75/330;
329/ 304 [IMAGE AVAILABLE]

53. 5,604,'769, Feb. 18, 7997, Hybrid equalizer arrangement for use in
data communications equipment; ,iin-Der wang, 3"75/229, 23t., 233 [IMAGE
AVAI I,ABLE ]

54. 5,594 ,758, Jan. 14, 199'7 , Frequency control]er and method of
correcting phase estimates in a PSK demodufator using frequency control;
James E. Petranovich, 375/344t 329/304; 375/329 []MAGE AVAILABLEI

55. 5,594,496, Jan. 14, L997, Detection of co-channel interference in
digital televisj-on signalsr Larry E. Nielsen, et aI., 348/21,, 470, 60-7

IIMAGE AVATT,ARLE]

56. 5,590,160, Dec. 31, 1996, Syrnbol and frame synchroni'zation in both a
TDMA system and a CDMA; Kjell ostman, 3"75/367; 370/342, 515; 3"75/209t 21-0
I]MAGE AVAILABLE]

57. 5/581,579, Dec. 3, 1,996t Method and apparatus to adaptively control
the frequency of reception in a digital wirel-ess communication system;
Nan-sheng Lin, et aI., 375/331; 329/304; 375/283 [IMAGE AVAfr'aRLE]

58. 5,579,345, Nov. 26, L996, Carrier
demodulator; Brlan Vil. Kroeger, et al.,
IIMAGE AVAILABLE]

tracking loop for QPSK
3'75/344, 26t, 330; 455/I92.2

59. 5,568r330, oct. 22, 1996, Recording/reproducing apparatus with
maximum l-j-kelrhood sequence esti-mation; Hi-deki Sawaguchi, et aI ., 360/46,
51 [ IMAGE AVAI T,ARLE ]

60 . 5, 550 , 596, Aug . 21 , 1"996, Di-gital tel-evision signal processing
system includrng a co-channel relectj-on filter,' Christopher H. StroIle,
et al. , 348/ 607 , 4'7Lt '726; 375/233 [IMAGE AVAIT,ARLE]

61. 5t546t429t Aug. 13, L996, Frequency hopping code di-vision multiple
access radio communj-cation unit; Gregory M. Chiasson, et al., 375/34I,
343, 34'1; 455/l.3'7 [IMAGE AVAILARLE]

62. 5/ 541, 955, Jul . 30, 1996, Adaptrve data rate modem,' Jay M.
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Jacobsmeyer, 375/222t 265 376,

63. 5,539,1'l 4t JuI . 23, t996,
device,' Ramin Nobakht, et a} .,
IIMAGE AVAII,ABLE]

377 I]MAGE AVAILABLE]

Dual decision equalization ltethod and
375/232; 333/I8; 3'75/233; 708/322, 323

64. 5,537,44!, Ju1. 16, !996, Control-Ied simultaneous analog and digital
communicati-on; Gordon Bremer, et a1 . , 3"75/261; 370/206; 31 5/222;
3'l 9 / 93 . 08 [ rMAGE AVAI r,aP,LE ]

65. 5,537,436, ,ful. 16, 1996, Simultaneous analog and digital
communj-cation appJ-ications; Stanley Bottoms, et al . , 3'75/222, 26L;
455/553, 557 [IMAGE AVAIT,aRLE]

66. 5,524,L27, Jun. q, L996, Unique word detector and method for
detecting a unique word within one of several windows offset in time,'
.tames E. Petranovich, 375/368, 363 [IMAGE AVAIT,aRLE]

6'7. 5,5L7,535, May 14, 1996, Numerically controlled osciffator with
complex exponential outputs using recursion technique; Brian W. Kroeger,
er a1., 315/373t 327/146; 33L/1A ITMAGE AVATLABLE]

68. 5t5:-3,216t Apr. 30, t996, Hybrid equalizer arrangement for use rn
data communications equipment; Shlomo Gadot, et a1., 3'75/233, 23I;
'708/323 [TMAGE AVAIT,aRLE]

69, 5/506,861f Apr. 9, L996, Systern and method for joint demodu.Lation of
CDMA signals; Gregory E. Bottomleyt 370/447; 3'75/334, 347; 380/34; 455/65
[]MAGE AVAILABLE]

70. 5t49I,726t Feb. 13, t996, Method and apparatus to determj-ne the
frequency and time slot position in a digital wireless cornmunication
session; Jong-Keung Cheng, et al ., 3'1 5/343, 349; 455/1-82.3 [IIIAGE
AVAIT,ARLE ]

'7 1. 5,483,55'7,
fading channels,'

'72. 5,47 I,504,
,Trrnnh<i T.a6 al-

"73. 5,46t,644,
Bergmans, et aI.

78. 5t436,942, .lul . 25,
slgnals transmitted in a
Jong-Keung Cheng, et aL.

l ggq Mcthnr| nf anrr:1 i z i na Ai ai t: l I rr annnAaALqfry
plurality of non-contiguous time sloLs;

3'75/229; 370/458; 3"75/340, 342 [IMAGE

Jan. 9, 1996, Channel- equalisation in particular for
Will-j-am T. Webb, 375/349, 229, 233 [IMAGE AVAIT,aRLE]

Nov. 28, 1995, Bilinear decision feedback equalizer;
dI ., 375/233t 229, 230, 232 [IMAGE AVAIT.aRLE]

Oct. 24, 1995, Adaptive viterbi detector; Johannes W. M.
, 375/341; 7L4/794 [I]4AGE AVAIT.aRLEI

74. 5,46t,426, oct. 24, 1995, Apparatus for processing modified NTSC
teLevision signals, with dj-gital signals buried therewithin; AlIen L.
Limberg, et al . , 34e/ 4'75, 473 [II\4AGE RVRtr,aiLe]

75. 5,448,555, Sep. 5, 1995, Simultaneous analog and digital
communicatton; Gordon Bremer, et al., 3'10/206; 329/304; 332/I03; 370/286;
3'75/222, 26I IIMAGE AVATT,aRLE]

'16. 5,440,585, Aug. 8, 1995, Applications of simultaneous analog and
drgrtal communication; B. Waring partridge, III , 3'75/261 , 222 [II{AGE
AVAII,ABLE ]

7'1. 5,438,595, Aug. 1,, 1995, Method of estimating the speed of a mobile
unit in a digital wireless communj_catj_on system; ,Jong-Keung Cheng, et
al. , 3'15/340; 34A/ 466; 455/238.L IIMAGE AVATT,apLE]
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AVAIT,ARLE ]

19. 5,425 r 050, .tun. 13, '995, Television transmission slrsu€lTl using
spread spectrum and orthogonaL frequency-division multiplex; Willram F.
Schreiber, et. a1. | 3'75/2AO; 380/10, 13 [IMAGE AVAIi,ABLE]

80. 5,408,504, Apr. 18, 1995, Symbol and frame synchronization in a TDMA
system,' Kjell I. ostman, 3'75/354; 3'70/350; 3'75/343;'108/ 422 [IMAGE
AV.f-\J- lJ}|Dl-rli I

81. 5, 408,503, Apr. 18, 1995, Adapti-ve viterbi detector,' Josephus A. H.
M. Kahlman, 375/340,348; 7I4/'t-95 [IMAGE AVAIT,aRLE]

82. 5,406t593t Apr. 11, 1995, Adaptive phase-locked loop employing
channel state information estimation from received signal phase angles;
sandeep Chennakeshu, et al . , 375/3"1 6, 331_/1R; 375/32'7, 351 [IMAGa
AVAI T,ARLE ]

83. 5,400,368, Mar. 2\, 1995, Method and apparatus for adjusting the
samplrng phase of a digitally encoded si-gnal in a wireless communication
system,' Jong-Keung Cheng, et aI. | 3"1 5/354t 365 [IMAGE AVAIT,aRLE]

84. 5,394,43g, Feb. 28, 1995, Bisdn compatible modem codec for digi-tal
informatj-on cornmunication system; Farhad Hemmati, 3'75/242; 332/lA3;
3'75/26A, 262, 28A, 308 [TMAGE AVAIT,ap,LE]

85. 5f394,4L0, Feb. 28, 1995, Differentially coded and guard pulse
position moduLation for communication networks; Kwang-Cheng Chen/
311/ 4'7 . L ITMAGE AVAIT,ARLE]

86. 5'392,3L6, Feb. 2!, 1995/ Decoding method and apparatus with maximum
likelihood sequence estimatj-on; Hideki Sawaguchi, et al., 375/290;
360/ 46; 3'15/286 [IMAGE AVAIT,ARLE]

81 . 5t392,300, Feb. 2l , 1995, Dual- mode radio communication uni-t; Davl-d
E . Borth, et al . , 714/-1 6I , 786 [ IMAGE AVAII,ABLE]

88. 5,3"76,894, Dec. 21, L994, Phape estimation and synchronization using
a PSK demodulator,' ,James E. petranovich, 329/306,3L0; 3i5/324, 329
I IMAGE AVAIi,ABLE]

89. 5,375,L46, Dec. 20, 1994t Digital frequency conversion and tuning
scheme for microwave radio receivers and transmitters; Harvey Chalmers,
375/350, 344;'708/3L3 [IMAGE AVAIT,ARLE]

90. 5,365,229, Nov. 15, I994, Adaptive telemetry system for hostrle
envlronment well logging; waLLace R. Gardner, et al., 340/855.4, 855.5;
36'l /'7 6 [TMAGE AVATLABLE]

91. 5,363,408, Nov. 8/ L994, Mode selective quadrature amplitude
modulation communi-catlon system; woo H. paik, et al., 375/26L; 329/304;
332/1,03; 3'75/341, 354; 7I4/'189 [TMAGE AVA]IABLEl

92. 5,353,307, Oct. 4, L994, Automatic simuLcast alignment; Howard L.
Lester, et ar., 3'75/233, 34]-t 348r 455/503; 708/323 [TMAGE AVATLABLE]

93. 5t35t,274, Sep. 21, 1994, post detecti_on selection combining
di-versity receivers for mobile and indoor radio channels; sandeep
chennakeshu, et a].., 375/347, 34ti 455/135, ]-37 tIMAGE AVAIT,aB,LEI

94. 5t343t498t Aug. 30, 1994, sampre timing serection and frequency
offset correction for U.S. digital cellul-ar mobile receivers; Ralrmond L.
Toy, et a1 ., 3'1 5/259, 3'lo/337 , 350; 375/355, 365, 376 [TMAGE AVATT,ARLE]
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95. 5,335,250, Aug. 2, i4, Method and apparatus for b- -'ectional
demodulation of digitally modulated signals; Paul- W. Dent/ eL a1.,
3',75/224, 3qA II]4AGE AVATT,aRLEI

96. 5,31?,595, May 31-, Igg4t Rapidly adaptable channel equalizer; Kjell
ostman, 3'75/232, 230 [IMAGE AVAITABLE]

97. 5,311,558, May 10, 1,994, Data receiver comprisj-ng a control loop
with reduced sampling frequency; Johannes w. M. Bergmans, 375/346;
3'70/290; 3'75/232, 348 [IMAGE AVAITABLE]

98. 5,3L1,546, May 10t t994, carrier phase recovery for an adaptive
equalizer; Woo i{. Paik, et al ., 375/232, 344; 708/323 [IMAGE AVAII,ABLE]

99. 5,311,545, May L0, L994, Modem for fading digital channels affected
by multipath; David N. CritchLow, 375/232; 329/304; 375/324' 332t 3431
344 [IMAGE AVAIT,Atr,LE]

100. 5,305,349, Apr. 19, L994t Quantized coherent rake receiver; Paul W.

Dent, 3'70/209, 342 [IMAGE AVAILABLE]

101. 5,303,263, Apr. 12, 1994, Transmission channel characteristj-c
equalizer; Yasuo Shol1, et aI ., 3'75/229, 34I; '7 14/795 [IMAGE AVAII;ABLE]

I02. 5,301,16'7, Apr. 5, t994, Apparatus for i-mproved underwater acoustl-c
Lelemetrv util-rz:-ng phase coherent communications; .Tohn G. Proakis, et
d1 . , 36.7 / L34 [IMAGE AVA]LABLE ]

103. 5t283,815, Feb. I,]-994, Tangental type differential detector for
pulse shaped Pfl4 shrfted differentially encoded quadrature phase shrft
keyrng; sandeep Chennakeshu, et a1 ., 3'1 5/330; 329/304; 455/6A IIMAGE
AVAIT.ABLE ]

104. 5t283,81-L, Feb. I, t994, Decision feedback equali-zation for digital
cellular radio; Sandeep Chennakeshu, et al., 375/233, 234; 708/323 [IMAGE
AVAILABLE ]

105. 5,249t200t sep. 28, 1993, Device and method for combi-ning precoding
with symbol-rate spectral shaping; Michael Chen, et al., 3'75/285;
329/349; 332/I59; 375/296 [IMAGE AVAIr'aRLE]

106. 5,220,568t Jun. 15, 1993, Shift correcting code for channel encoded
data; Dennj-s G. Howe/ et al . , 341/59, 94; 71,4/775 [IMAGE AVAILABLE]

107. 5,202t90L, Apr. 13, 1993, Digital discriminator for pulse shaped
.pi./A shifted differentially encoded quadrature phase shift keying;
Sandeep Chennakeshu, et al-. , 3'75/33!; 329/3A4; 455/ 60 [IMAGE AVAIT,aRLE]

108. RE 34,206, Mar. 30, L993, Method and apparatus for timing recovery;
Babak Sayar, 375/293, 344, 371 [IMAGE AVAILABLE]

109. 5,195,L08, Mar. L6, 1993, System and method for determining
absolute phase of a differentiaLLy-encoded, phase-modulated slgnal; Kevin
L. Baum, et al., 375/330; 323/304; 375/33L, 332, 343 [IMAGE AVAJT,aRLE]

110. 5,L59,609, Oct. 21, t992, DaLa receiving device wlth delayed
equali-zation and rdtroactive time-pulse recovery; Jacques Palicot,
3'75/232; 333/18;'108/323 [IMAGE AVAIT,aRLE]

l-11-. 5,151,926, Sep. 29, 1992, Sample timing and carrj-er frequency
estimation circuit for sine-cosine detectors; Sandeep Chennakeshu, et
df . , 315 / 333; 329 / 304 [ IMAGE AVAIT'aRLE ]
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M. 5,131,011, .luL. !t. .992t Receiver for data transmi .on system
with nonlinearities; ,Johannes W. M. Bergmans, et al.| 375ts48; 34L/L06;
3'75/ 341;'7 02/ 1,9L; 7L4/"159 [IMAGE AVAIT,ARLE]

113. 5t052,000, Sep. 24, 1991,
decision feedback equalizers in
correction; Jin-Der Wang, et al
AVAILABLE ]

LIA. 5t022,053, .Tun. 4,
si gnal j-ng constell-at j-ons,'
37 5 / 262 [IMAGE AVAII,ABLE]

115. 4,995,031-, Feb. L9,
H. AIy, et al., 3'7A/286;

117. 4,959,845,
data symbols at a
IIMAGE AVAILABLE]

118. 4.t9r8,685,
data transmission
the arrangement;

Technique for improvj-ng the operatj:on of
communications systems utilizing error

., 3'15/233, 265; 'l14/'784, 792 [IMAGE

116. 4,964,LL9, Oct. L6, 1990, Apparatus and method for echo
cancell-ati-on; Sami A. H. AIy, et a1 ., 3'70/291; 3'l 9/4II IIMAGE AVAJT,aRLE]

L991, Data communications with alternation of
Hong Y. chung, et al ., 375/265; 3'70/522;

1991, Equalizer for ISDN-U interface; Sam:- A.
375/230, 232 [TMAGE AVATT,aRLE]

Sep. 25, 1990, Receiver of a system for transmitting
gj-ven baud-rate; Simon .t. M. To1, et aI . , 375/354, 35'7

Apr. !7, 1990/ Transceiver arrangement for full-duplex
comprising an echo cance.l-l-er and provisions for testing

Simon J. M. Tol, et al./ 370/249t 286 [IMAGE AVAIT,ARLE]

rTun. 24, 1986, Si-ngle pulse fast learn modem; Davj_d M.
375/23L, 222 [IMAGE AVAIT,aRLE]

Aug. L4, 1-984t TDMA/PsK Carrier synchronization without
A. Rhodes, 3'75/329; 329/308; 375/344, 371- [IMAGE

119. 4,9L4,699, Apr. 3, 1-990, High frequency anti-jam communication
system terminal; James G. Dunn, et al., 38A/34; 375/202, 207, 209, 343;
380/ 46 [IMAGE AVAIT.ARLE]

1"20. 4t896,334t rfan. 23, 1990, Method and apparatus for timing recovery,'
Babak Sayar/ 375/293; 3'70/276; 3'75/344, 371 [IMAGE AVAIT,ARLE]

LzI. 4,
decision
Johannes

L26 . 4, 59'7 | OBg ,
Motley, et a1. ,
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