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application.

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for
communication to all the elected Offices.

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of
the report (but not of any annexes) and will transmit such translation to those Offices.

4. REMINDER

The applicant must enter the national phase before each elected Office by performing certain acts (filing
translations and paying national fees) within 30 months from the priority date (or later in some Offices)
(Article 39(1)) (see also the reminder sent by the International Bureau with Form PCTAB/301).

Where a translation of the international application must be furnished to an elected Office, that translation
must contain a translation of any annexes to the international preliminary report on patentability. It is the
applicant's responsibility to prepare and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume Il of the
PCT Applicant's Guide.
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preliminary examination and that "any Contracting State may apply additional or different criteria for the
purposes of deciding whether, in that State, the claimed inventions is patentable or not" (see also Article
27(5)). Such additional criteria may relate, for example, to exemptions from patentability, requirements for
enabling disclosure, clarity and support for the claims.
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1.  This report is the international prelimiha_l-r-y examination_report, established by this Internationgl_ﬁreliminéf)_l I-E")Eé_rr_xining
Authority under Article 35 and transmitted to the applicant according to Article 36.
2. This REPORT consists of a total of 8 sheets, including this cover sheet.

3.  This report is also accompanied by ANNEXES, comprising:
a. X (sent to the applicant and to the International Bureau) a total of 17 sheets, as follows:

X sheets of the description, claims and/or drawings which have been amended and/or sheets containing
rectifications authorized by this Authority, unless those sheets were superseded or cancelled, and any
accompanying letters (see Rules 46.5, 66.8, 70.16, 91.2, and Section 607 of the Administrative
Instructions).

[ sheets containing rectifications, where the decision was made by this Authority not to take them into account
because they were not authorized by or notified to this Authority at the time when this Authority began to
draw up this report, and any accompanying letters (Rules 66.4bis, 70.2(e), 70.16 and 91.2).

0 superseded sheets and any accompanying letters, where this Authority either considers that the
superseding sheets contain an amendment that goes beyond the disclosure in the international application
as filed, or the superseding sheets were not accompanied by a letter indicating the basis for the
amendments in the application as filed, as indicated in item 4 of Box No. | and the Supplemental Box (see
Rule 70.16(b)).

b. O (sent to the International Bureau only) a total of (indicate type and number of electronic carrier(s)) , containing a
sequence listing, in the form of an Annex C/ST.25 text file, as indicated in the Supplemental Box Relating to

Sequence Listing (see paragraph 3ter of Annex C of the Administrative Instructions).

4.  This report contains indications relating to the following items:

& Box No. | Basis of the report
J Box No.ll  Priority
0 Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
O Box No. IV Lack of unity of invention
X Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement
[J Box No. V!l  Certain documents cited
X Box No. VIl Certain defects in the international application
[J Box No. VIl Certain observations on the international application
Date of submission of the demand Date of completion of this report
26.05.2016 07.02.2017
Name and mailing address of the international Authorized officer
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Box No.l Basis of the report

1. With regard to the language, this report is based on
X the international application in the language in which it was filed

[0 atranslation of the international application into , which is the language
of a translation furnished for the purposes of:

O international search (under Rules 12.3(a) and 23.1(b))
O publication of the international application (under Rule 12.4(a))
[ international preliminary examination (under Rules 55.2(a) and/or 55.3(a) and (b))

2. With regard to the elements™* of the international application, this report is based on (replacement sheets which
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this
report as "originally filed" and are not annexed to this repori):

Description, Pages
1-65 as originally filed

Claims, Numbers
1-40 filed with the letter of 14-11-2016

Drawings, Sheets
1/6-6/6 as originally filed

O asequence listing - see Supplemental Box Relating to Sequence Listing.

3. O The amendments have resulted in the cancellation of:

Ul the description, pages

O the claims, Nos.

O the drawings, sheetsfigs

O the sequence listing (specify):

4. O This report has been established as if (some of) the amendments annexed to this report and listed below
had not been made, since either they are considered to go beyond the disclosure as filed, or they were
not accompanied by a letter indicating the basis for the amendments in the application as filed, as
indicated in the Supplemental Box (Rules 70.2(c) and (c-bis)):

O the description, pages

O the claims, Nos.

O the drawings, sheetsfigs

O the sequence listing (specify):

5. OO This report has been established:

O taking into account the rectification of an obvious mistake authorized by or notified to this Authority
under Rule 91 (Rules 66.1(d-bis) and 70.2(e)).

O without taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 91(Rules 66.4bis and 70.2(e)).

Form PCT/APEA/409 (January 2015)
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6. X With regard to top-up searches (Rules 66.1ter and 70.2(f)):

& A top-up search was carried out by this Authority on 05.09.2016 (all discovered documents are
listed in the Supplemental Box Relating to Top-up Search).

O Additional relevant documents have been discovered during the top-up search.
O No top-up search was carried out by this Authority because it would serve no useful purpose.

7. 0 Supplementary international search report(s) from Authority(ies) hashave been received and taken into
account in establishing this report (Rule 45bis.8(b) and (c)).

* Ifitem 4 applies, some or all of those sheets may be marked "superseded".

Box No.V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-40
No: Claims
Inventive step (IS) Yes: Claims 1-32

No: Claims 33-40
Industrial applicability (I1A) Yes: Claims 1-40

No: Claims

2. Citations and explanations (Rule 70.7):

see separate sheet

Box No. VIl Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet
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(SEPARATE SHEET) PCT/EP2015/075022
Re ltem V
Reference is made to the following documents:
D1 WO 2014/126689 A1 (DOLBY LAB LICENSING CORP [US]) 21 August

2014 (2014-08-21)

D2 HERRE J PRG A[1/4]RGEN ET AL: "MPEG Surround-The ISO/MPEG
Standard for Efficient and Compatible Multichannel Audio Coding", JAES,
AES, 60 EAST 42ND STREET, ROOM 2520 NEW YORK 10165-2520,
USA, vol. 56, no. 11, 1 November 2008 (2008-11-01), pages 932-955,
XP040508729,

D3 US 2006/165184 A1 (PURNHAGEN HEIKO [SE] ET AL) 27 July 2006
(2006-07-27)

Presence of inventive step for claims 1-32

1 D2 is regarded as being the prior art closest to the subject-matter of claim 1,
and discloses

An audio decoding method com'prising: receiving a two-channel downmix
signal, which is associated with metadata, the metadata comprising upmix
parameters for parametric reconstruction of an M-channel audio signal based
on the downmix signal, where M24; receiving at least a portion of said
metadata; (D2, Fig. 1. The downmix maybe a two channel downmix, first
paragraph of section 1, page 933, left column.)

generating a decorrelated signal based on at least one channel of the
downmix signal: (D2, sections 3.2.1 and 3.2.2)

determining a set of mixing coefficients based on the received metadata; and
forming a K-channel output signal as a linear combination of the downmix
signal and the decorrelated signal in accordance with the mixing coefficients,
wherein 2 £ K < M, (D2, section 3.2.3 where different configurations are
possible as e.g. 7.1-5.1-71.)

1.1 The subject-matter of claim 1 therefore differs from this known D2 in that:

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 2005)
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wherein the mixing coefficients are determined such that a sum of a mixing
coefficient controlling a contribution from the first channel of the downmix
signal to a channel of the output signal, and a mixing coefficient controlling a
contribution from the first channel of the downmix signal to another channel of
the output signal, has the value 1,

wherein, if the downmix signal represents the M-channel audio signal
according to a first coding format (F4) in which:

a first (L) channel of the downmix signal corresponds to a certain linear
combination of a first group (401) of one or more channels of the M-channel
audio signal;

a second channel (L,) of the downmix signal corresponds to a certain linear

combination of a second group (402) of one or more channels of the M-
channel audio signal; and

the first and second groups constitute a certain partition of the M channels of
the M-channel audio signal,

then the K-channel output signal represents the M-channel audio signal
according to a second coding format (F5, F,) in which:

each of the K channels of the output signal approximates a linear combination
of a group of one or more channels of the M-channel audio signal;

the groups corresponding to the respective channels of the output signal
constitute a partition of the M channels of the M-channel audio signal Into K
groups (501-502, 1301-1303) of one or more channels; and

at least two of the K groups comprise at least one channel from said first
group.
The subject-matter of claim 1 is therefore new (Article 33(2) PCT)

1.2 The technical effect of the difference is to enhance the quality of the playback
on a loud-speaker set-up which is different to the one foreseen on the
encoder side. The solution to this problem proposed in claim 1 of the present
application is considered as involving an inventive step (Article 33(3) PCT) as
the application allows, when using the transmitted up-mix parameters and
some computation, to avoid reconstructing the whole audio scene as encoded
on the encoder side and then convert to the loudspeaker set-up. Rather by

Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 2005)
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using the downmix channels and the up-mix parameters together with some
computations, channels adapted for the loudspeaker set-up are

reconstructed.

2 The same reasoning applies, mutatis mutandis, to the subject-matter of the
corresponding independent claim 30 which therefore are also considered not
inventive.

3 Claims 2-29 and claims 31-32 are respectively dependent on claim 1 and 30

and as such also meet the requirements of the PCT with respect to novelty
and inventive step.

Lack of inventive step for claims 33-40

4 The present application does not meet the criteria of Article 33(1) PCT,
because the subject-matter of claims 33 is not inventive in the sense of Article
33(3) PCT.

41 D2 discloses:

An audio encoding method comprising: receiving an M-channel audio signal,
where M 2 4; computing a two-channel downmix signal based on the M-
channel audio signal, a first channel of the downmix signal being formed as a
linear combination of a first group of one or more channels of the M-channel
audio signal, and a second channel of the downmix signal being formed as a
linear combination of a second group of one or more channels of the M-
channel audio signal, wherein the first and second groups constitute a
partition of the M channels of the M-channel audio signal; (D2, Fig. 1 and 4. In
the case of e.g. K=3, M= 4 channels which are Fl, Fr, Bl, Br (Front left & right,
Back left & right). The skilled person would, without involving an inventive
step, downmix the M=4 channels in two signals forming partitions of the M=4
channels with e.g. the following basic formula: F=0.5x(FI+Fr) and B=0.5x(BI
+Br))

determining upmix parameters for parametric reconstruction of the M-channel
audio signal from the downmix signal, determining mixirg parameters for
obtaining, based on the downmix signal, a K-channel output signal, where 2 <
K < M, wherein each of the K channels of the output signal approximates a
linear combination of a group of one or more channels of the M-channel audio
signal, wherein these K groups constitute a partition of the M channels of the
M-channel audio signal into K groups of one or more channels, and wherein

Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 2005)
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at least two of the K groups comprise at least one channel from said first
group; and (D2, section 1, where it is disclosed that upmix parameters allow
to reconstruct the e.g. 4 channels, Fl, Fr, B, Br, but also Fl, Fr and B. There
would then be 3 groups of channels K1=FI, K2=Fr and K3=B where two of the
K groups of channels comprise at least one channel from the first group.)

outputting the downmix signal and metadata for joint storage or transmission,
wherein the metadata comprises the upmix parameters and the mixing
parameters. (D2, Fig. 1 where parameters are transmitted on the decoder
side)

4.2 D2 is silent about determining and transmitting mixing parameters.

Nevertheless, transmitting extra parameters which are not needed as the
effect of claim 33 can be achieved by using the upmix parameters would
increase the bitrate without having any additional surprising effect. Such an
addition of parameters corresponds to a degradation of the prior-art and does
not comprise an inventive step.

5 The same reasoning applies, mutatis mutandis, to the subject-matter of the
corresponding independent claims 37-39 which therefore are also considered
not inventive. ‘

6 The following dependent claims do not appear to contain any additional
features which, in combination with the features of any claim to which they
refer, meet the requirements of the PCT in respect of inventive step, the
reasons being as follows:

Claim 34, 35: D2, Fig. 4 and 10 where the use of decorrelated for creating
multichannel signal is well known. Further in D2, different parameters are
transmitted for reconstructing the spatial using ICC parameters is disclosed in
section 3.3.

Claim 36: D2 discloses different downmixing methods, see e.g. 4.3,
transmitting the parameters adapted for each downmix and indicating which
method is used does not involve an inventive step.

Claim 40: see objections related to claim 33, where mixing parameters are
not needed for the decoding of the upmix parameters.

Re Item Vil

Form PCT/Separate Sheet/409 (Sheet 4) (EPO-April 2005)



INTERNATIONAL PRELIMINARY International application No.
REPORT ON PATENTABILITY
(SEPARATE SHEET) PCT/EP2015/075022

4 The independent claims are not in the two-part form in accordance with Rule
6.3(b) PCT, which in the present case would be appropriate, with those
features known in combination from the prior art D2 being placed in the
preamble (Rule 6.3(b)(i) PCT) and the remaining features being included in
the characterising part (Rule 6.3(b)(ii) PCT).

Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background
art disclosed in D1-D3 is not mentioned in the description, nor are these
documents identified therein.

8 When entering the regional phase, the applicant is reminded that for some
specific region that claim 39 could be objected to as it leaves doubt about the
claim's category, since it does not specify whether the program runs or is
actually loaded on a computer. Therefore, it should be formulated in such a
way so that its category is unambiguously determined.

Form PCT/Separate Sheet/409 (Sheet 5) (EPO-April 2005)
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Dear Sirs,

This is in response to the Written Opinion of the IPEA dated 30 September 2016.

1. Amendments

In response to point 8.1 in the Written Opinion, claim 33 has been amended by replacing
“wherein the groups corresponding to the respective channels of the output signal constitute a
partition...” by “wherein these K groups constitute a partition...”. Basis for this amendment

may for example be found on page 15, line 1-6, and on page 37, lines 26-34.
Corresponding amendments have been made in claims 37 and 39.

The applicant reserves the right to file one or more divisional patent applications including
any of the subject matter disclosed in the patent application as originally filed. The
amendment to and/or deletion of the claims or the description should not be iﬁterpreted as
abandonment of those claims or any subject matter, and is without prejudice to reinstatement
of those claims and subject matter or to the filing of a divisional patent application for those

claims and subject-matter.
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2. Clarity
Point 8.1 of the Written Opinion has been addressed by amendments.

With regard to points 8.2 and 8.3 of the Written Opinion, it is respectfully submitted that
claims 33-37 are at least sufficiently clear for a proper assessment of novelty and inventive

step to be included in the International Preliminary Report on Patentability. |

The feature “determining upmix parameters for parametric reconstructions of the M-channel
audio signal from the downmix signal” is not unclear. At the encoder side, both the M-
channel audio signal and the two-channel downmix signal are available. The skilled person
knows how to determine upmix parameters suitable for parametric reconstruction of an M-
channel audio signal from a two-channel downmix signal if both the downmix signal and the
M-channel audio signal are available. Forcing the applicant to select a particular way of
determining such upmix parameters would cause an undue limitation of the claim scope.
Claim 35 is referred to in the Written Opinion as an alleged indication that special constraints
are applied to the upmix parameters. The applicant respectfully disagrees. The upmix
parameters may for example be the actual matrix elements to be employed when
reconstructing the M-channel audio signal at the decoder side (such as the matrix elements ¢;,
1<i<3, andpy 1< i<3, 1<7<2 on page 28, line 33 to page 29, line 5), or the
upmix parameters may be a more compact form of representing such matrix elements (see
page 38, lines 1-6). Claim 35 corresponds to such a compact representation. In claim 33, the
metadata includes both the upmix parameters and the mixing parameters. There is no need for
the upmix parameters to be in a certain format for the mixing parameters to be employed at

the decoder side for obtaining the K-channel output signal.

Claim 34 specifies that “at least some of the mixing parameters are determined by minimizing
a contribution from the decorrelated signal among such mixing parameters that cause a
covariance matrix of the K channels of the output signal to coincide with a covariance matrix
of the linear combinations of the one or more channels of the respective K groups of one or
more channels”, ie. claim 34 specifies how mixing parameters are determined. A defailed
example of how the mixing parameters may be computed is described on page 32, line 17, to

page 33, line 22.

With regard to point 8.4 of the Written Opinion, it is respectfully submitted that the data

represented by the computer-readable medium of claim 39 allows for parametric

-2.
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reconstruction of an M-channel audio signal, as well as for provision of a K-channel output
signal, where 2 < K < M. This technical effect is achieved by the claimed computer-readable

medium, even if the actual decoding or reconstruction may be performed by a decoder.

3. Patentability of amended claims 33, 37 and 39 |

In D2, a downmix signal is obtained at the encoder side by downmixing a multichannel audio
signal, and spatial parameters. in the form of ICC and CLD parameters are determined at the
encoder side for reconstruction of the multichannel audio signal ét the decoder side (see for
example sections 3.2.1 and 3.2.2 in D2). No additional parameters are determined (and
outputted for transmission to the decoder side) for obtaining a K-channel audio signal based
on the downmix signal. In particular, no additional parameters are determined for obtaining a
K-channel audio signal corresponding to a different partition of the channels of the
multichannel signal. Neither section 3.2.1 nor section 4.1 in D2 (referred to in the Written
Opinion) discloses determination of such parameters in addition to the ICC and CLD

parameters already employed for reconstructing the multichannel audio signal. —

D2 discloses use of a stereo downmix (Fig. 6, 9). The stereo downmix in D2 does not
correspond to a partition of the sct of original audio channels since the channels C and LFE
contribute to both of the two downmix channels. Thus, claim 33 is novel over the sterco
configuration disclosed in D2, because the downmix channels do not correspond to a partition

of the set of original audio channels.

D2 also discloses use of a mono downmix (Fig. 4, 8). In the Written Opinion, two
intermediate channels, formed in Fig. 4 in D2 after the two first layers of dowﬁmixing are
read onto the two-channel downmix signal of claim 33. These two intermediate channels in
D2 are combinations/mixes of the channels R, L, C, LFE and the channels Ls, Rs
respectively, and are intended for further downmixing to obtain a mono downmix Mo
provided as output. Thus, the two intermediate channels are not output in the Fig. 4
conﬁguration, but are rather downmixed into a mono signal, which is subsequently output
along with the spatial parameters. However, claim 33 requires that the downmix signal (e.g.,
the two-channel downmix signal) be oﬁtput with the upmix parameters and the mixing
parameters. Thus, claim 33 is novel over the mono configuration disclosed in D2 because the

mono configuration fails to output a two-channel downmix signal as required by claim 33.

3

(T 2016
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While the novelty objection raised in the Written Opinion for claim 33 is based on the mono
downmix embodiment from Fig. 4 in D2, and not on the sterco downmix embodiment from
Fig. 6 in D2, in view of the above it is clear that claim 33 is novel over both the Fig. 4 and

Fig. 6 embodiments of D2.

Section 4.1 in D2 (referred to in the Written Opinion) describes that a matrix-surround
compatible stereo downmix signal may be employed, which may be obtained at the encoder

side by post-processing the stereo downmix signal. It is clear from the context that the stereo

downmix referred to in Section 4.1 in D2 is the stereo downmix Lo Ro obtained in Fig. 6 in
D2, and not the two intermediate signals from Fig. 4 in D2 referred to in the novelty objection
raised for claim 33 in the Written Opinion. In other words, the novelty objection in the

Written Opinion is based on two different embodiments in D2 which are not compatible.

Further, it is explicitly described in section 4.1. in D2 that “the matrix-surround compatibility
comes without any additional spatial information”. In the Written Opinion, spatial parameters
in D2 (i.e. the ICC and CLD parameters) seem to be read onto both the upmix parameters and
the mixing parameters of claim 33. Even in the event that the IPEA may maintain some of its
clarity objections, it is respectfully submitted that such a reading of D2 onto claim 33 is still
not correct, as claim 33 requires the mixing parameters and the upmix parameters to be

different sets of parameters, both included in the metadata provided as output.

Moreover, D2 does not disclose that the matrix-surround compatible downmix signal in

section 4.1 in D2 may correspond to a partition of the multichannel audio signal.

Note also that there is no indication in D2 that the artistic downmix described in Section 4.3
in D2 may correspond to a partition of the multichannel audio signal. Further, the artistic
downmix in Section 4.3 is employed in connection with another stereo downmix, ie. the
stereo downmix Lo Ro obtained in Fig. 6 in D2, and not the two intermediate signals from Fig.

4 in D2 referred to in the novelty objection raised for claim 33 in the Written Opinion.
Hence, D2 at least fails to disclose the following features of claim 33:

“determining (340) mixing parameters for obtaining, based on the downmix signal, a X-
channel output signal (E;, == f;), where 2 < K < M, wherein each of the X channels of

the output signal approximates a linear combination of a group of one or more channels

of the M-channel audio signal, wherein these K groups constitute a partition of the M

channels of the M-channel audio signal into K groups (501-502, 1301-1303) of one or

-4.
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more channels, and wherein at least two of the X groups comprise at least one channel

from said first egroup; and

outputting (350) the downmix signal (which has two channels corresponding to a
partition of the M channels of the M-channel audio signal) and metadata for joint storage

or transmission, wherein the metadata comprises the upmix parameters and the mixing

mﬁmp_tc_rs |

As described in the application as filed (see for example page 15, lines 8-33) a technical effect
of the above described distinguishing features is that the perceived playback quality at
different speaker systems may be improved in a computationally efficient way. The skilled
person seeking to improve the perceived playback quality at different speaker systems in a
computationally efficient way would not find any teaching in D1-D3 leading to a solution
within the terms of claim 33. The subject-matter of claim 33 is therefore both novel and

inventive.

Claim 37 includes corresponding distinguishing features. The subject-matter of claim 37 is

therefore also novel and inventive.

Claim 39 also includes corresponding distinguishing features. As described above in relation
to clarity, such distinguishing features have a technical effect also for claim 39. The subject-

matter of claim 39 is therefore also novél and inventive.

4. Additional distinguishing feature in dependent claim 34

Section 3.3 and Figures 4 and 10 in D2, referred to in the Written Opinion, disclose use of
decorrelation and ICC parameters for obtaining a multichannel signal from a two-channel
signal. However, this teaching in D2 does not in any way provide any hints towards the

following feature of claim 34:

“wherein at least some of the mixing parameters are determined by minimizing a
contribution from the decorrelated signal among such mixing parameters that cause a

covariance matrix of the X channels of the output signal to coincide with a covariance
matrix of the linear combinations of the one or more channels of the respective X groups .

of one or more channels.”

145141:201.6
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The skilled person would find no teaching or hints in D1-D3 towards such a solution. As

described above in relation to clarity, a detailed example of how the mixing parameters may

be computed is described on page 32, line 17, to page 33, line 22 in the application as filed.

g

5. Additional distinguishing feature in dependent claim 36

Section 4.3 in D2 discloses use of ‘a different type of downmix, referred to as artistic
downm1x However, as described above the artistic downmix is employed in connectlon with
a spatlal downmix which does not correspond toa g&M n of the original multichannel audio
signal (see for example Fig. 6.in D2). Eurther, D2 fails to disclose-that the artlstlc downmix
may correspond to a different.m_n of the original multichannel audio signal than the
spatial downmix. In particular, D2 neither discloses nor provides any hints towards the

following feature of claim 36:

“selecting one of at least two coding formats (Fy , F;, Fy),; the coding _formats

corresponding to respective different partitions of the channels of the M-channel audio
signal into respective first and second groups associated with the channels of the

downmix signal”

The skilled pe_rSon WO}ild find no teaching or hints in D1-D3 towards such a solution.

6. Requ_ests

It is believed that a favourable IPRP may be issued on the basis of the apphcatlon documents’

presented herewith in light of the foregoing comments.

Nevertheless, we kindly request that any remaining objections be set out in a further Written

Opinion, or, failing that, we request a consultation by telephone.

Yours sincerely,

S iegﬁ'ied Soellner

For and on behalf of

" Dolby International-AB Patent Group Europe '

(Association No. 435)
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CLAIMS

1. Anaudio decoding method (1000) comprising:
receiving (1010) a two-channel downmix signal (L, L,), which is associated with
metadata, the metadata comprising upmix parameters (@) for parametric reconstruction‘ of
" an M-channel audio signal (L, LS, LB, TFL, TBL) based on the downmix signal, where M 2 4
receiving (1020) at Iea-st a portion of said metadata; |
generatlng (1040) a decorrelated signal (D) based on at least one channel of the
downmix S|gnal _
 determining (1050) a set of mixing coefficients based on the received metadata; and
forming (1060) a K-channel output signal (ﬁ, s LK) asa hnear comblnatlon of the
downmix signal and the decorrelated signal in accordance with: the mrxrng coeff'crents
wherein 2 < K_ <M,
wherein the mixing coefficients are determined such that a sum of a mixing coefficient
_controlling a-contribution from the first channel of the downrnix signal to-a channel of the out-
put signal, and a mixing coefﬁcient_ controlling a contribution from the first channel of t'he' |
downmiix signal to another channel of the output signal, has the value 1, _' o
wherein, if the downmix signal represents the M-channel audio signal ‘éc‘cor’ding toa
first coding format (F;) in which:’ | '
a first (L1) channel of the downmix signal corresponds to a certain Ilnear comblnatron
of a first group (401) of one or more channels of the M-channel audlo S|gnal
- a second channel (L) of the downmix srgnal corresponds to a certain linéar combina-
tion of a second group (402) of one or more channels of the M-channel audio signal; and
the first and second groups constitute a certain partition of the M channels of the M'—
channel audio signal, _
- then the K-channel output signal represents the M-channel audio signal accordlng to
a second coding format (F,, F,) in which: .
each of the K channels of the output signal approximates a linear combination of a
group of one -or more channels of the M-channel audio signal;
the groups corresponding to.the respe‘ctive channels of the o‘utput signal constitute a
partition of the M channels of the M-channel audio signal i mto K groups (501 -502, 1301— ‘
1303) of one or moré channels; and. '
at least two of the K groups comprise at Ieast one channel from sand fi rst group

2. The audio decoding method of claim 1, wherein K = 2.
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. 3., - The;gaudio décoding method of claim 1, wherein K = 3 or K = 4.
4. Theaudio dec_oding method of any of the preceding claims, wherein't‘he‘ received -

metadata includes the upmix parameters and wherein the mixing coefficients are deterfnined

by processing the uprhix parameters.

|- : ' |
5. The audio decoding method of any of claims 1-3, wherein the received metadata

“includes mixing parameters (. ) distinct from the upmix parameters.

6. " The audio decoding method of claim 5, wherein the mixing coefficients are |

~ determined independently of any values of the upmix parameters.
7. The audio decoding method of any of the preceding claims, wherein M =5 or M = 6. '

8. . The audio decoding method of any of the preceding claims, whérein:
~in the first coding format, each of the channels of the M-channel audio signal is asso-

ciated with a non-zero gain controlling a contribution from this channel to one of the linear
combinations to which the channels of the d,OV\;nmix signal correspond; '

in the second c;dding format, each of the channels of the M-channel audio signal is
associated with a non-zero gain controlling a contribution from this channel to one of the lin--
ear corﬁ,binatidns approximatéd by the channels of the output signal; and

for each of the channéls of the M-channel audio signal, the non-zero gain aésociated
with the channel in the first cod ing format coincides with the non-zero gain associated with

the channel in the second coding format.

9. The audio d‘ecoding method of any of the preceding claims, further comiprising an
initial step of receiving a bitstream (B) representing the downmix signal and the metadata,
wherein the downmix signal and said received metadata are extracted from the bit-

stream.

10. = The audio decoding method of any of the preceding claims, wherein the decorrelated
signalis a s'i,ngle-c’hannel signal and wherein said output sighal is formed by including no
-more than one decorrelated signal channel into said linear combination of the downmix sig-

nal and the dechr'eIated sighal._
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11. The audio decoding method of claim 10, wherein K = 2, and wherein formlng the

" output signal amounts 1o a projection from three channe!s to two channels.

12.  The audio decoding method of any of "(':‘Iai'ms 1-9, wherein the decorrelated signal is a'
two-channel signa’l and wherein said 6utpUt sigﬁél is formed by including no mbre than two
decorrelated signal channels into said Ilnear combmatlon of the downmlx 3|gn|al and the

decorrelated signal.

13.  The audio decoding method:of claim 12, wherein K = 3, and wherein forming the out-

put signal amounts to a projection from four channels to three channels

14. = The audio decoding method of any of the preceding claims, wherein the mixing coef-
ficients are determined such that a pair of channels of the output signal receive cdnt’rib_utions
of equal magnitude from a channel of the decorrelated signal, the contributions from the
channel of the decorrelated.signal-to the reSpéctive channel.of the pair having opposite

signs.

156.  The audio decoding method of any of the preceding claims, wherein said first group

consists of two or three channels.

16.  The audio decoding method of any of the preceding claims, wherein the M-channel |
audio sighal comprises ‘th_ree channels (L, LS, LB) representing different hor_izontal directions
in a playback environment for the M-channel éudio signal, and two channels.(TFL, TBL) rep-
resenting directions vertically separated from those of said three channelé in said 'playback

environment.

17.  The audio decoding method of claim 16, wherein said first group consists of said
three channels, and wherein said second group consists of the two channels;re:préSeht}ing :
directions vertically separated from those of said three channels in said playback‘.,én\'/irori-

ment.

18.  The audio decoding method of claim 17, wherein K = 2, and wherein‘one of the K -
groups comprises both of the two channels representing directions vertically separated from

those of said three channels in said playback environment.

©-68 -
AMENDED SHEET



PCT/EP 2015/075 022 - 14-11-16"
" D14089WO01 o - PCT/EP2015/075022 Amended Claims Cléan .

19."  The audio decoding method of claim 17, wherein the two channels representing direc- -

~“tion's vertically separated from those of said three channels in said playback environment are

. comprised in',d,ifferent groups of the K groups.

20 The atdio decoding method of any of claims 1-16, wherein the M-channel éu“di'o_ sig-
nal CO-mprisves four channels (LSCRN, LW, LS, LB) representing different horizbntal directions
in‘a playback enYir’dnment for the M-channel aﬁdio signal, and two channels (TFL, TBL) rep-
resenting directions vertically separated from those of said four channels in said playback

environment. -

" 21.  Theaudio decoding method of any of claims 1617 and 19-20, wherein one of the K
groups comprises both of the two channels representing directions vertically separated from

those of said three channels in said playback environment.

22.  The audio decoding method of any of the preceding claims, ,Wherein'the_decorrelated

signal is obtained by processing a linear combination of the channels of the downmix signal.

23. The au'dio decoding method of any of claims 1-21, wherein the decorrelated signal is

obtained based on no more than one channel of the downmix signal.

24. The audio decoding method of any of claims 1-21, wherein the decorrelated ‘signal
! comprises two channels, a first channel of the decorrelated signal being obtained b'ased on
the first channel of the downmix signal and a second channel of the decorrelated signal be-

| ing obtained baéed on the second channel of the downmix signal.

25.  Theaudio decoding method of any of claims 1-4 and 7-24, wherein said first group
consists of N channels, where IN > 3, wherein said first group is reconstructable as a linear
combination of said first channel of the downmix signal and an (N — 'l)ichannel decorrelated
signal by applying dry upmix coefficients to said first channel of the downmix signal and wet
Upmix co’efﬁciénts to chahnels of the (N — 1_)—channe| decorrelated signal, wherein the re-
ceived metadata includes wet upmix parameters and dry upmix parameters, and wherein
determining the mixing coefficients comprises: '

d'etérmining, bésed on the dry upmix parameters, the dry upmix coefficients;
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populating an interfne‘diate matrix havihg more eléments than the number of received
~ wet Upmix parameters, based on the received wet 'Upi.'rﬁk parameters and knowing that the
intermediate rﬁétrix belongs to a predefined matrix 'clas_s_;

obtaining the wet upmix coefficients by multiplying the intermediate matrix by a prede-
fined matrix, _where_in the wet -upr‘ﬁx coefficients corrésporids to the matrix resultihg frém the
:rﬁhltiplicati'on and includes more coefficients than the nimeer of elements in the intermediate
matrix; and | b

procéss_ing the wet and dry upmix coefficients.

26. Tﬁe'a'udio decodin'g method of any of the preceding claims, further comprising:

_ receiving signaling (1030) indicating one of at least two coding formats (F;, F,, F3) of
the M-channel audio signal, the coding formats corresponding to respective different parti-
tions of the channels of the M-channel audio signal into respective first and second groups
associated with the channels of the downmix signal,

whereih the K groups are predefined, and wherein the mixing coefficients are deter-
mined such that a single partition of the M-channel audio signal into the K groups of chan-
nels, approx'imated by the channels of the output signal, is maintained for said at least two

1 coding formats.

27. The audio decoding method of claim 26, whereih K =2, the audio decoding method
further comprising: '

passing (1070) the downmix signal through as said output signal, in response to said
signaling indicating a particular coding format (F,), the particular coding format corresponding
to a partition of the channels of the M-channel audio signal coinciding with a partition which

the K groups define.

28.  The audio decoding method of claim 26, wherein K = 2, the audio decoding method

further comprising: o .
suppressing the contribution from the decorrelated signal to said output signal, in re-

sponse td sé_id' si'gr.laling ihdicating a particular coding format, the particular coding format

éorrespbnding to a partition of the channels of the M-channel-audio signal coinciding with a

partition which the K groups define.
29. The audio decoding method of any of claims 26—28, wherein:
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" in afirst coding format (F,) of said at least two coding formats, said first group con- |

Sists of three channels (L, LS, LB) representing different horizontal directions in a playback

environment for the M-channel audio signal, and said second group consists of two chah;f'lels
(TFL, TBL) representing directions vertically separated from those of said three cha'nneis in
said playback ehvironment; and | | S
in a second coding format (F,) of said at least two coding formats, each of said first
and second groups comprises one of said two channels representing directions vertically

separated from those of said three channels in said playback environment. '

30.  An audio decoding system (800)I comprising a decoding section (700,‘ 1200) config- '
ured to: |
receive a two-channel downmix signal (L, L,), which is associated with metadata, the
metadata comprising upmix pararﬁeters (aLy) for parametric reconstruction of an M-channel -
audio signal (L, LS, LB, TFL, TBL) based on the downmix signal, where M = 4; h
receive at least a portion of said metadata; and . ‘
provide a K-channel output signal (L7, ..., Lx) based on the downmix signal and the
received metadata, wherein 2 < K < M, o
the decoding section comprising: .
a decorrelating section (710, 1210) configured to receive at least one channel of the
downmix signal and to output, based thereon, a decorrelated signal (D); and
a mixing section (720, 1220) configured to
determine a set of mixing coefficients based on the received metadata, and
form the output signal as a linear combination of the downmix signal and the decorre-
lated si_gnal in accordance with the mixing coefficients,
wherein the mixing section is configured to determine the mixing coefficients such
that a sum of a mixing coefficient controlling a contribution from the first channel of the
downmix signal to a channel of the output signal, and a mixing coefficient controlling a con-
tribution from the first channel of the downmix signal to another channel of the output signal, . -
has the value 1, :
| wherein, if the downmix signal represents the M-channel audio signal according to a
first coding format (Fl) in which: _ ..
| ~afirst (L1) channel of the downmix signal cbrresbdnds fo a certain linear combination
of a first group (401) of",one or more channels of the M-channel audio signal;
a secbnd channel (L,) of the downmix signal corresponds to a certain linear combina-
tion of a second group (402) of one or more channels of the M-channel audio sigﬁal; and
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the first and second groups constitute a certain partltion of the M channels of the M-
) channel audio signal, ) S o CorTm e

then the K- channei output signal represents the M- channel audlo signal according to -
a second coding format (F,, F,)in which:

each of the K channels of the output signal approximates a linear combination of a
group of one or more channels of the M-channel audio signal;

the groups corresponding to the respective channels of the output signal constitute a
partition of the M channels of the M-channel audio signal into K groups (501-502, 1301—
1303) of one or more channels; and '

at least two of the K groups comprise at least one channel from said first group: |

31.  The audio decoding system of claim 30, further comprising an additional decoding
section (805) configured to: . | _

receive an additional two-channe.l dewn'mix signai (R, RZ), which is associated with
additional metadata, the additional metadata comprising additional upmix parameters (ary)
for parametric reconstruction of an additional M-channel audio signal (R, RS, RB, TFR, TBR)
based on the additional downmlx signal, .

receive at least a portion of the additional metadata; and

provide an additional K-channel output signal (R, ..., Rx) based on the additional
downmix signal and the additional received metadata,

the additional decoding section comprising:

an additional decorrelating section configured to receive at least one channel of the
additional downmix signal and to output, based thereon, an additional decorrelated signal;
and

an additional mixing section configured to:

determine a set of additional mixing coefficients based on the received additional.
metadata, and
o form the additional output signal as a linear combination of the additional downmix
srgnal and the additional decorrelated srgnal in accordance with the additional mlxmg coeffi-
cients, ' '

wherein the additional mixing section is configured to determine the additional mixing
"coefficients such that a sum of a.mixing:coefficien‘t'controilin'g a confribution from the first
channel of the additional downmix signal to a channel of the additional output signal, and a
mixing coefficient controlling a contribution from the first channe! of the additional downmix
signal to another channel of the additional output signal, has the value 1, '
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whereln if the additional downmix signaf represents the. additional M- channel audlo

“signal according fo a third coding format in whlch _ .
a first channel (R, ) of the additional downmlx signal corresponds to alinear comblna-
tion of a flrst group (403) of one or more channels of the additional M- channel audio signal;
a second channel (R;) of the, additional downmix signal corresponds to a'linear com-
. bination of a second group (404) of one or more channels of the additional M- channel audlo
signal; and : '
the first-and second groups of channels of the additional M-channe! audio si_gnai con-
stitute a partition of the M channels _or the additional_’M;—,chénnel--'audio signal, |
then the additioné'] K-channel output signal represents the additional M-channel audio
signal according to a fourth coding format in which:
each of the K chénnels_ of the additional output signal approximates a linear combina-
tion of a group of one or more channels of the M-channel audio signal;
the groups corresponding to the r'esbecti_ve channels of the additional output signal
constitute a partition of the M channels of the additional M-channel audio signal into K
groups (503-504, 13'04—1306) of one or more channels; and
at least two of the K groups of one or more channels of the additional M-channel au-
dio signal comprise at Ieast one channel from said first group of channels of the additional M-

channel audio signal.

32. The decoding system of eny of claims 30-31, further comprising:

‘a demultiplexer (801) configured to extract, from a bitstream (B), the downmix signal,
said received metadata, and a discretely coded audio channel (C); and _

a single-channel decoding section operable to decode said discretely coded audio

channel.

33. " An audio encoding method (300) comprising: .
receiving (310) an M-channel audio signal (L, LS, LB, TFL, TBL), where M 2‘ 4; :
computing (320) a two-channel downmix signal (L'1,'L2) based o-n the M-channel éu;
dio S|gnal a first channel (L, ) of the downmix signal being formed as a linear combination: of
a first group (401) of one or more channels of the M- channel audio signal, and a second
channel (L,) of the downmix signal being formed as a linear combination of a second group
(402) of one or more channels of the M-channel audio signal, wherein the first and second

groups constitute a partition of the M channels'of the M-channel audio signal;
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determining (330) upmix parameters (a,_u) for parametnc reconstruction of the M-
channel audio signal from the downmix signal, . T e
determlnlng (340) mixing parameters for obtalmng, based on the downmlx signal, a
i(-chan_nel outputsignal (L, ..., Ly), where 2 < K < M, wherein each of the K channels of the
outp‘u_t signal approximates a linear cOrﬁbihati.ofn of a group of one or more channels of the
M-channel audio signal, wherein these K groups  constitite a partition of the M channels of
the M-channel audio signal into K groups (501—502; 1301-1303) o'f_one or more channels,
and wherein at léast two of the K groups compriee at"least one channel fme said firsi group; |
and a | a5 o .
outputting (350) the downmix signal and metadata for joint storage or trensr_nis'sio'n,-

wherein the metadata comprises the upmix pérametefs and the mixing para'mete'rs. :

34. The audio encoding method of claim 33, wherein the mixing parameters control
respective contributions from the downmix signal and from a decorrelated signal to the output
signal, wherein at least some of the mixing parameters are determined by minimizing a
contribution from the decorrelated signal among such mixing perameters that cause a
covaraince matrix of the K channels of the output signal to coincide with a covariance matrix
of the linear combinations of the one or more channels of the respective K groups of one or

more channels.

35.  The audio encoding method of any of claims 33-34, wherein said first group consists
of N channels, where N = 3, wherein at least some of the upmix parameters are suitable for
parametrlc reconstruction of said first group from said first channel of the downmix signal and _
| an (N — 1)-channel decorrelated signal determined based on said f'rst channel of the

| - downmix signal, wherein determining the Uple parameters includes:

determining a set of dry upmix coefficients in order to define a linear mapping of said
first channel of the downmix signal apprdximating said first group; and

determining an intermediate matrix based on a difference between a covariance of
said first group as received and a covariance of said first group as approximated by the linear
mapping of said first channel of the downmix signal, wherein the intermediate matrix when
multiplied by a predefined matrix corresponds to a set of wet upmix coefficients defining a
linear mapping of said decorrelated signal as part of parametric reconstruction of said first .
group, wherein the.set of wet upmix coefficients includes more coefficients than the number

of elements in the intermediate matrix,
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+ wherein said upmix-parameters include dry upmix pa'ra'_m_et'ers, from which the set of
dry upmix coefficients is derivable, and wet uprmiix para Er"él'e'“rief"ﬂhl&ﬁ'éﬂ)’ defining the inferme-
didte matrix provided that the intermediate matrix belongs to a predefined matrix class,

- ‘wherein the intermediate matrix has more elements than the number of said wet Uple pa-

. rameters

36. The audio e-ncoding methed oIf any of claims 33-35, further comprising:
selecting one of at least two coding formats (Fl,Fz, F3), the coding formats corre-
‘sponding to respective different partitions of the; channels of the M-chiannel audio’ S|gnal into
espectlve first and second groups associated with the channels of the downmix signal,

o wherein the first and second channels of the downmix signal are formed as linear
combinations of a first and a second group of one or more channels, respectively, of the M-
channel'audlo signal_, in accordance with the selected coding format, and wherein the upmix
parameters and the mixing parameters are determined based on the selected coding format,

the method. further comprising: |

providing signaling indicating the selected coding format.

37.  An audio encoding system (200) comprising an encoding section (100) configured to
encode an M-channel audio signal (L, LS, LB, TFL, TBL) as a two-channel downmix signal
(L1, L) and associated metadata, where M = 4, and to output the downmlx signal and
metadata for joint storage or transmission, the encoding section comprising:

a downmix section (110) configured to compute the downmix signal based on the M-
channel audio signal, a first channel (L, ) of the downmix signal being formed as a linear
combination of a first Qroup (401) of one or more channels of the M-channe! audio signal,
and a sec¢ond channel (L,) of the downmix signal being formed as a linear combination of a
second group (402) of one or more channels of the M-channel audio signal, wherein the first
and second groups constitute a partition of the M channels of the M-channel audio signal;
and |

an analysis section (120) configured to determine _

upmix parameters (ay) for parametric reconstructlon of the M-channel audlo srgnal
from the downmlx signal, and '

- mixing parameters (a ) for obtaining, based on the downmix signal, a K—channel
output signal (Ly, ..., Lx), wherein 2 < K < M, wherein each channel of the output signal ap-
proximates a linear combination of a group of one or more channels of the M-channel audio

signal, whereln these K groups constltute a partrtron of the M channels of the M-channel au-
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dio's"ign‘al into K groups (501-502, 1301-1303) of one or more channels, and wheréin at -

least two ‘of the K groups comprise at least one channel from said first group,

wherein the metadata comprises the upmix parameters and the mixing parameters

38. . A computer progra‘m product comprising a _computer—readab'le mediurn with instrisc-
tions for performing the method olf any of claims 1-29 and'33-36. | |
39. - Acomputer-readable medium (1100) fepresenting:

a two-channel downmix signal {Ly, L3); gl _

upmix parameters (apy) allowing parametric reconstructlon of an M- channel audlo
signal (L, LS, LB TFL, TBL) based on the downmiix signal, where M=4, whereln a first
channel (Ll) of the downmix signal corresponds to a linear combmatlon ofa first group (401)
of one or more channels of the-M-channel audio sngnal wherein a second channel (Lz) of the
downmlx sngnal corresponds toa Ilnear combination of a second group (402) of one or more
channels of the M-channel audio srgnal and wherein the flrst and second groups constitute a ‘
_partition of the M channeéls of the M-channel audio signal; an,d

mixing parameters (a,, ) allowing provision of a K-channel-output signal (T, ... Z;)
based on the downmix signal, wherein 2 < K <' M, wherein each channel of the output signal
approximates a linear combination of a group of one or more channels.of the M-channel
audio s_ignal, wherein these K groups constitute a partition of the M chann'els of the M-
channel audio signal into K groups (601-502, 1301-1303) of one or rnore .ch,anne_l_s_, and

wherein at least two of the K groups comprise at least one channel from said first group. *

40. The computer-readable medium of clalm 39, wherern data represented by the com- _
puter-readable medium are arranged in time frames and are layered such that, fora glven _
time frame, the downmix signal and associated mixing parameters for that t;me,fr.-ame may

be extracted independently of the associated upmix parameters.
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