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(57) Abstract

The invention concerns a reception device 
using at least two reception channels supplied by 
data streams each conveying the same source 
symbol, each of said channels comprising es­
timating means, associating with each received 
source symbol an estimated channel value and a 
corresponding channel confidence information, 
and comprising means for combining said chan­
nel estimated values into an adapted estimated 
value, said combination taking into account said 
channel confidence data to weight said channel 
estimated values. Said estimating means ad­
vantageously include transmission channel es­
timating means, delivering said channel confi­
dence data. Said combination means can advan­
tageously associate with each of said adapted 
estimated values an adapted confidence infor­
mation, based on said channel confidence data. 
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L’invention conceme un dispositif de
reception mettant en oeuvre au moins deux voies de rdception alimentdes par des flux de donndes acheminant chacun les memes symboles 
source, chacune desdites voies comprenant des moyens d’estimation, associant h chaque symbole source refu une valeur estimde de voie 
et une information de confiance de voie correspondent, et comprenant des moyens de combinaison desdites valeurs estimdes de voie en 
une valeur estimde adaptde, ladite combinaison tenant compte desdites informations de confiance de voie pour ponddrer lesdites valeurs 
estimdes de voie. Lesdits moyens d’estimation comprennent avantageusement des moyens d’estimation du canal de transmission, ddlivrant 
lesdites informations de confiance de voie. Lesdits moyens de combinaison peuvent avantageusement associer & chacune desdites valeurs 
estimdes adaptdes une information de confiance adaptdes, fonction desdites informations de confiance de voie.
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ABSTRACT OF THE DISCLOSURE 

METHOD AND DEVICE FOR RECEIVING AT LEAST TWO RECEPTION
PATHS, AND CORRESPONDING USE 

The invention relates to a reception device implementing at least two

5 reception paths supplied with data flows, each conveying the same source

symbols, each of said paths comprising estimation means, associating, with each 

source symbol received, an estimated path value and a corresponding path 

confidence information element, and comprising means for the combination of 

said estimated path values into an adapted estimated value, said combination

10 taking account of said path confidence information elements to weight said

estimated path values. Said estimation means advantageously comprises means 

for the estimation of the transmission channel, delivering said path confidence 

information elements. Said combination means may advantageously associate an 

adapted confidence information element with each of said adapted estimated

15 values, as a function of said path confidence information elements.

Single Figure
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METHOD AND DEVICE FOR RECEIVING AT LEAST TWO RECEPTION 
PATHS, AND CORRESPONDING USE

The field of the invention is that of the reception of digital signals, in the field 
of receivers implementing at least two distinct reception paths, namely two paths

5 supplied with distinct data flows but conveying (at least partially) the same source 
symbols.

Thus, the invention can be applied especially to receivers implementing 
antenna diversity, each antenna receiving the same sent signal but with possibly 
different disturbances, the transmission channels being distinct. More generally, the

10 invention can be applied in all cases where two distinct data flows bearing the same 
source symbols are available (whether these flows are similar or transmitted on 
different frequency bands and/or channels, encoded and/or modulated in different 
ways, etc.).

A particular field of application of the invention is that of the RF broadcasting
15 of digital television signals (for example according to the DVB-T standard under 

development or the dTTb project), especially to mobile or portable receivers.
In this situation, it has already been proposed to use antenna diversity 

techniques. These techniques rely on the simultaneous reception, at several 
antennas, of one and the same sent signal. It is hoped that, as compared with a single

20 antenna receiver (without diversity of antennas), not all the paths will undergo the 
same disturbances linked to the transmission channel and, therefore, that it will 
become possible to achieve a more satisfactory decoding of the signal obtained by 
recombining the signals present at each antenna.

This recombination is done by "weighting-summation", namely by
25 computing, at each instant, a linear combination of the signals coming from each 

antenna. This can be done by several approaches which are distinguished by the 
associating weighting combining mode.

The equal gain combining (EGC) technique summates the signals in phase, 
the selection combining (SC) technique selects the signal with the highest signal-to-

30 noise ratio, the maximum ratio combining (MRC) technique weights the signals by 
the ratio of the amplitude or their attenuation and the power of the additive noise that 
the channel makes them undergo before summating them in phase.

There are also approaches that implement a gradient-type adaptive filtering 
(also used in equalization) but they are considered to be complex to perfect and

35 finalize and far too slow in their convergence for very many applications.
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There are also approaches that implement a gradient-type adaptive filtering 
(also used in equalization) but they are considered to be complex to perfect and 
finalize and far too slow in their convergence for very many applications.

The maximum ratio combining (MRC) technique maximizes (on the 
5 assumption of signals undergoing an attenuation - related to the channel - and an 

additional noise - related to the first amplification stages - that are independent) the 
mean signal-to-noise ratio obtained after recombination and leads to results better 

■than those of the EGC and SC techniques.' It is. this technique that is generally
preferred for use.

10 The literature contains many examples of transmission systems using antenna
diversity. According to these prior art techniques, the "weighting-summation" 
operation is achieved before demodulation or even before processing by the tuner (in 
radio frequencies or RF) so that the receiver thus obtained contains at most only one 
tuner, this tuner being a costly component.

15 This approach is relatively well suited to the case of narrow-band signals
(namely cases that substantially undergo the same attenuation throughout their 
passband). The use of these techniques on two wide-band signals on the contrary 
may prove to be highly sub-optimal, especially owing to the risk of fading or 
selective disturbances that affect only a part of the concerned frequency band.

20 Furthermore, since the MRC technique requires an estimationof the channel
and the phasing of the signals, its. use is often relinquished for'the SC technique. 
However, in all cases, a problem may arise of the synchronization of the demodulator 
during the switching over from one reception path to the other.

There is also the known document, "Antenna Diversity for Digital Video
25 Broadcasting" (J.G.W. Janssen et al. - document dTTb/WP3.2/Philips/24), that 

describes a system carrying out a recombination by selection after multicarrier 
demodulation (OFDM demodulation). This technique proves to be inefficient in' 
practice and its development has not been pursued.

COMS ID No: SMBI-00721502
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The above references to and descriptions of prior proposals or products are 

not intended to be, and are not to be construed as, statements or admissions of 
common general knowledge in the art in Australia.

5 It is a goal of the invention in particular to overcome these drawbacks of the

prior art.
Accordingly, in one aspect, the invention provides a device for the reception 

of a multicaxrier signal, formed by a set of carrier frequencies, said device 
implementing at least two reception paths supplied with data flows, each conveying

10 the same source symbols, each of said paths including estimation means which 

associates to each source symbol received :
an estimated path value; and
a corresponding piece of path confidence information, 

each said source symbol being conveyed by a subset of said set of carrier

15 frequencies,
wherein said device includes means for the combination of said estimated path 

values delivering
an adapted estimated value, obtained from said estimated path 
values, in taking account of said path confidence information to

20 weight said estimated path values; and
an adapted confidence information, as a function of said path 

confidence information; and
weighted-input decoding means supplied by said means for the combination.

More specifically, it is a goal of the invention to provide a device and a

25 method of reception using at least two reception paths, for example in the form of a

diversity of antennas, that are more efficient in terms of recombination quality, and 

hence of final decoding, than proir art techniques, especially for wideband signals.

COMS ID No: SMBI-00721502 Received by IP Australia: Time (H:m) 15:31 Date (Y-M-d) 2004-04-26
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Another goal of the invention is to provide a device of this kind and a method 
of this kind that are simple to implement without requiring any complex adaptation 
of the structures of known receivers.

In particular, it is a goal of the invention to provide a device and a method of 
this kind using information already available in receivers, said device and method 
being in conformity with the standards that are being developed.

These goals and others that shall appear hereinafter are achieved according to 
the invention by means of a reception device implementing at least two reception 
paths supplied with data flows, each conveying the same source symbols, each of 
said paths comprising estimation means, associating, with each source symbol 
received, an estimated path value and a corresponding path confidence information 
element. According to the invention, this reception device comprises means for the 
combination of said estimated path values into an adapted estimated value, said 
combination taking account of said path confidence information elements to weight 
said estimated path values.

Thus, according to the invention, the "weighting-combination" operations are 
performed just before the weighted-input decoding. The result is optimized since it 
takes account of the confidence information elements. The technique is simple to 
implement, as the exploited information elements are already available in the 
receiver.

Advantageously, said estimation means comprise means for the estimation of 
the transmission channel, delivering said path confidence information elements.

It is clear however that other types of confidence information elements may 
be used.

Preferably, said combination means associate an adapted confidence 
information element with each of said adapted estimated values, as a function of said 
path confidence information elements. These information elements then supply the 
weighted-inputs decoder.

According to a preferred embodiment of the invention, said adapted estimated 
value is computed as follows:

' N C N λ
/ ^cnfdin 
v /=1 /

xAdap,n
\ >'=i

XX

where:
xn is the estimated value of the symbol received on the path z; 
cnfdin is the corresponding path confidence information element; and
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N is the number of paths.
In this case, said adaptive confidence information element may 

advantageously be computed as follows:
N

CnfdAdap,n = YCnfdi,n 

/=1

5 where:
cnfdin is the confidence information element associated with the path z; and 
N is the number of paths.

The data flows according to the invention may be of different types. 
According to one preferred embodiment of the invention, at least one of said data

10 flows is transmitted by means of a multicarrier modulation.
Indeed, as shall be seen hereinafter, the invention is particularly well suited to

this type of modulation.
In this case, said source symbols may be conveyed by a subset of the set of 

carriers implemented by said multicarrier modulation.
15 According to an advantageous embodiment of the invention, the device

implements at least two antennas (antenna diversity) supplying distinct reception 
paths.

The invention is especially well suited to devices having a general three-level 
structure:

20 - a first module shaping and demodulating the received signal for each of said
reception paths;

- a second module, for each of said reception paths, determining said 
estimated path values and said corresponding confidence information elements;

- a third single module supplied by said second modules, and carrying out
25 especially the combination, delivering said adapted estimated values and a weighted-

input decoding supplied by said adapted estimated values.
The invention also relates to the method of reception implemented by the

device described here above.
A method of this kind that implements at least two reception paths supplied

30 by data flows each conveying the same source symbols, each of said paths
implementing a step of estimation of the transmission channel, associating an
estimated path value and a corresponding path confidence information element with
each source symbol received, comprises according to the invention a step for the
combination of said estimated values of paths delivered by each of said paths into an
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adapted estimated value, said combination taking account of said path confidence 
information to weight said estimated path values.

The invention also relates to the use of a device and/or of the method 
described here above, especially for the reception of data belonging to at least one of 
the following applications:

- the broadcasting of digital television signals;
- the broadcasting of audio-digital signals;
- radio telephony;
- the transmission of data signals.
Other features and advantages of the invention shall appear more clearly from 

the following description of a preferred embodiment of the invention, given by way 
of a simple illustrative and non-restricted example, and from the appended single 
figure. This figure shows a simplified block diagram of a receiver in the special case 
of a COFDM modulation and a two-antenna diversity (only the processing of the 
carrier k being illustrated).

As indicated here above, an essential characteristic of the invention is the 
exploitation of the information elements intended for a weighted-input decoder that 
is present in the rest of the processing chain. Here below, we shall rapidly recall the 
principle of this technique.

Let xn be an estimation of the nth symbol to be decoded and cnfdn a 
measurement of confidence in this estimation. The term “weighted-input decoding” 
designates any system of decoding which, on the basis of a set of pairs {(x„, cnfdn )}m , 

finally decodes a set of symbols in seeking to minimize:
(1)

n

where dist is a distance.
A decoder of this kind is often used for the decoding of error corrector codes 

and is used for example for the soft-decision decoding of a convolutive code. It is 
most usually made in the form of a Viterbi decoder (used to optimize the equation (1) 
with reduced complexity).

One of the particular features of the invention is that it carries out the 
operation of "weighting-summation" of the different paths just before this weighted- 
input decoding, hence after the passage into the tuner, after an estimation of the 
channel if any and, above all, after a separation of the carriers achieved by a possible 
multicarrier demodulation. This has several advantages:
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- it makes it possible, during the recombination of the signals coming from 
the different antennas, to work on the already demodulated signals (no problem of 
synchronization or rephasing of the signals appears in this case) and to take 
advantage of the information given by a channel estimation, if any;

5 - when a multicarrier modulation is used and even in the case of the
transmission of a wideband signal (needed for example to transmit the high bit rates 
needed for the transmission of digital television signals), it makes it possible to work 
on narrow-band signals.

According to the invention, the recombination is done by means of an adapter 
10 placed at input of the weighted-input decoder. This adapter makes use of the 

confidence information allocated to each estimation delivered by each path, to give 
the weighted-input decoder a total optimized estimation (adapted estimation) itself
affected by an adapted confidence information element.

Thus, the weighting selectively affects each received signal (and not the 
15 totality of the signal). No additional information, as compared with a conventional

receiver, is necessary.
As will be seen in the example described here above, this approach is well 

suited to multicarrier systems, the data borne by each carrier being weighted 
independently. It is clear however that it can be applied also to single-carrier

20 systems.
The single figure shows a simplified block diagram of a COFDM modulation 

receiver implementing a two-antenna diversity. It is easy to generalize this principle 
to more than two antennas and more generally to two or more paths as defined here 
above.

25 The term COFDM is understood to mean especially, in this embodiment, the
association of a convolutive code (known as an internal code), a block code (called 
an external code) an a multicarrier OFDM modulation. An example of such a system 
is described for RF digital television broadcasting in the DVB-T standard (see for 
example the ESTI document "Digital Video Broadcasting (DVB); Framing structure,

30 channel coding and modulation for digital terrestrial television (DVB-T)", ETS draft, 
3000744, March 1997).

Hereinafter, for reasons of simplification, we shall describe only the 
processing of the nth symbol sent, borne by the carrier k, namely xjfn).
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The receiver has two paths 10j and IO2, each having an antenna 101 χ, IOI2 
and a tuner 102 μ 1022, an analog-digital converter ADC 103 μ 1032, a rnulticarrier 
demodulation module 104μ 1042 and an estimation module 105μ 1052-

These different details are known, and it is not necessary to describe them in 
greater detail. The symbol xfn) is received by each of the antennas and processed 
independently by each of the paths 10χ and IO2. Thus, each of the demodulation 
modules 104μ 1042 delivers the corresponding information yj j^n) and y2j/n), from 
which the estimation modules 105 χ and 1052 produce:

- a path estimation : x, ^.(njand xlk(riy,
- a path confidence information element: cnfdIk(n) and cnfd2k(n).
In other words, the signal at output of each antenna undergoes all the 

conversions carried out by a standard receiver up to (but not including) weighted- 
input decoding. Then, for each path i, there is obtained a noise-ridden estimate 
xik(n) of the symbols transmitted on the channel and a value of confidence 
cnfdik(ri) in this estimation.

Reference may be made to the document dTTb Module 3 (dTTb/M3/284 
"System Specification for the Second dTTb Demonstrator", dTTb Module 3, 
Version 2.2, February 1996), and to the DVB-T standard for an exemplary mode of 
computation of these confidence values and estimations as well as the 
implementation of the associated weighted-input decoding.

The information elements xik(n) and cnfdik(n) are fed into an adaptation 
module 11, a new element according to the invention, which gives the weighted- 
input decoder 12 an estimation and an adapted confidence value (optimized).

Since the decoding works synchronously on each path, an improved 
estimation of the symbols transmitted on the channel xAdapk(n) is obtained by 
computing the sum of the estimations obtained previously, weighted by their 
respective confidence values. The confidence value cnfdAdapk(n) associated with 
this estimation is equal to the sum of the confidence values.

The adapter 11 therefore carries out the following operations:
CnfdAdap, k (py^cnfdi,k(n)

( ' Ί K '
x,AdaP,k(nf '^cnfdi,k(yi)<Xi,k(n) ^cnfdi,k(p)

I '■ J/l ' ,

carrier,V« integer

Naturally, this is only an example and other weighting methods may be used.
It is also possible to take account of other information elements (representing for



8

example the type of data, a specific quality of a channel, an error rate, etc.) to 
optimize these operations.

Then, the weighted input decoder 12 conventionally decodes the internal 
code. Again conventionally, the processing continues with the decoding of the

5 external code 13 and then the source decoding 14.
In the particular case of a standard Viterbi decoding that does not take

account of the estimation of the channel, resorting to a soft decision is equivalent to 
the use of an estimated “hard” value of the symbol transmitted, associated with a 
measurement of confidence in this estimation. This confidence is then, for example,

10 a function of the (assumed) relationship of the noise affecting the transmission and of 
the distance between the estimated “soft” value and the estimated “hard” value 
chosen.

Thus, the notion of “estimated path value” according to the invention can be, 
without distinction, soft or hard. Furthermore, the confidence information may be of

15 any appropriate type and not exclusively from a channel estimation.
As already stated, the invention can be applied to all situations where several

paths have to be processed, especially for the processing of P of N data fluxes 
processed, coming from a signal transmitted by multicarrier modulation (distinct or 
not distinct for each flow) and containing the information conveyed by a subset (not

20 necessarily identical for each flow) of all the carriers implemented in this signal.



26/04/2004 15:22 +613-9890-1337
PATENT ATTORNEY SERV PAGE 07/10

9

···· • · · ·····

CLAIMS

1. Device for the reception of a multicarrier signal, formed by a set of carrier 

frequencies, said device implementing at least two reception paths supplied with 

data flows, each conveying the same source symbols, each of said paths including

5 estimation means which associates to each source symbol received : 

an estimated path value; and
a corresponding piece of path confidence information, 

each said source symbol being conveyed by a subset of said set of carrier 

frequencies,
10 wherein said device includes means for the combination of said estimated path 

values delivering
an adapted estimated value, obtained from said estimated path 

values, in taking account of said path confidence information to 

weight said estimated path values; and

15 - an adapted confidence information, as a function of said path

confidence information; and
weighted-input decoding means supplied by said means for the combination.

2, Reception device according to claim 1, wherein said estimation means 

include means for the estimation of a transmission channel, delivering said path

20 confidence information.
3. Reception device according to any one of the claims 1 and 2, wherein said 

adapted estimated value is computed as follows:

where:
25 x„ is the estimated value of the symbol received on the path i; 

cnfdin is the corresponding path confidence information ; and 
N is the number of paths.

4. Reception device according to any one of claims 1 to 3, wherein said 
adaptive confidence information is computed as follows:

30

COMS ID No: SMBI-00721502 Received by IP Australia: Time (H:m) 15:31 Date (Y-M-d) 2004-04-26
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where:
cnfd,t„ is the confidence information associated with the path and 

N is the number of paths,

5. Reception device according to' any one of the claims 1 to 4, wherein it

5 implements at least two antennas, supplying distinct reception paths.
6. Reception device according to any one of the claims 1 to 5, wherein each 

of said reception paths includes a first module shaping and demodulating the 

received signal and a second module determining said estimated path values and 

said corresponding confidence information,
10 said device furthermore including a single module supplied , by said second 

modules, and providing especially for :

- the calculation of said adapted estimated values ;and

- a weighted-input decoding of said adapted estimated values.

7. Method for the reception of a multicarrier signal, formed by a set of carrier 

15 frequencies transmitted simultaneously, implementing at least two reception paths

supplied with data flows, each conveying the same source symbols, each of said 

paths implementing a step of estimation of the transmission channel which 

associates with each source symbol received ;

- an estimated path value; and 

20 - a corresponding path confidence information,
each said source symbol being conveyed by a subset of said set of carrier 

frequencies,

wherein said method includes:

- a combination step delivering:

25 - a plurality of adapted estimated values, each said adapted estimated

value obtained from said estimated path values in taking account of said path 

confidence information to weight said estimated path values; and

- an adapted confidence information with each of said adapted 

estimated values, as a function of said path confidence information,

30 - a step of weighted-input decoding, supplied by said adapted estimated values.

COMS ID No: SMBI-00721502 Received by IP Australia: Time (H:m) 15:31 Date (Y-M-d) 2004-04-26
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8. Use of a device and/or of the method according to any one of claims 1 to 6 
and/or of the method according to claim 7, for the reception of data belonging to at 
least one of the following applications:

- the broadcasting of digital television signals;
5 - the broadcasting of audio-digital signals;

- radio telephony;
- the transmission of data signals.

9. Device for the reception of a multicarrier signal substantially as

10 hereinbefore described with reference to the example and drawing.

10. Method for the reception of a multicarrier signal substantially as 

hereinbefore described with reference to the example and drawing.

Dated this 6th day of April 2004 
15

PATENT ATORNEY SERVICES

Attorneys for

• 20 FRANCE TELECOM and TELEDIFFUSION DE FRANCE

• · · · • · · ··· · ·• ·• · · ·

• · · ·• · · ·

• · · ·• · ·
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