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Downmixer and Method of Downmixing

Specification

The present invention is directed to audio signal processing and particularly to downmixing of
multichannel signals or spectral resolution converting of audio signals.

While a stereo encoded bitstream will usually be decoded to be played back on a stereo system,
not all devices that are able to receive a stereo bitstreém will always be able to output a stereo
signal. A possible scenario would be playback of the stereo signal on a mobile phone with only a
mono speaker. With the advent of multi-channel mobile communication scenarios as supported
by the emerging 3GPP IVAS standard a stereo-to-mono downmix is therefore required that is free
of additional delay and complexity-wise as efficient as possible while also providing the best pos-

sible perceptual quality beyond what is achievable with a simple passive downmix.

There are multiple ways of converting a stereo signal to a mono signal. The most direct ways of
doing it is by a passive downmix [1] in time-domain which generates a mid-signal by adding the
left and right channels and scaling the result:

_ (Left + Right)

Mi
id 5

Further more sophisticated (i.e. active) time-domain based downmixing methods include energy-
scaling in an effort to preserve the overall energy of the signal [2] [3], phase alignment to avoid
cancellation effects [4] and prevention of comb-filter effects by coherence suppression [5].

Another method is to do the energy-correction in a frequency-dependent manner by calculation
separate weighting factors for multiple spectral bands. For instance, this is done as part of the
MPEG-H format converter [6], where the downmix is performed on a hybrid QMF subband repre-
sentation or with an STFT filterbank of the signals with additional prior phase alignment of the
channels. In the IVAS context a similar band-wise downmix (including both phase and temporal
alignment) is already used for the parametric low-bitrate mode DFT Stereo where the weighting
and mixing is applied in the DFT domain [7].
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The simple solution of a passive stereo-to-mono downmix in time-domain after decoding the ste-
reo signal is not ideal as it is well known that a purely passive downmix comes with certain short-
comings, e.g. phase cancellation effects or general loss of energy, which can - depending on the
item — severely degrade the quality.

Other active downmixing methods that are purely time-domain based mitigate some of problems
of the passive downmix but are still suboptimal due to the lack of frequency-dependent weighting.

With the implicit constraints for mobile communication codecs like IVAS in terms of delay and
complexity, having a dedicated post-processing stage like the MPEG-H format converter for ap-
plying a band-wise downmix is also not an option as the necessary transforms to frequency do-
main and back will inevitably cause an increase in both complexity and delay.

For a Stereo codec mode that utilizes TCX transform coding with block switching as in [8], there
can be different modes that can be used: e.g. one block per frame with a block size of 20 ms
(TCX20) and two subblocks per frame with a block size of 10 ms (TCX10). Each subblock is either
a full TCX10 block of 10 ms or is again subdivided into two blocks of 5 ms (TCX5). The decision
which of the modes to use is made for each channel independently from the other. This means
that it is possible to have different decisions between the channels. This makes it impossible to
use the exact same downmixing method as used at the DFT-based Stereo encoder as described
in [7] (band-wise weighting of the channels, then mono-downmix both in the DFT domain) due to
the different time-frequency resolutions of the respective spectral domain representations.

It is an object of the present invention to provide an improved concept for audio signal processing.

This object is achieved by a downmixer of claim 1 or 35, a method of downmixing of claim 46 or
47, or a computer program of claim 48.

In accordance with a first aspect of the present invention, a downmixer comprises a weighting
value estimator, a spectral weighter, a converter and a subsequently connected mixer. The con-
version from the spectral domain into the time domain is performed subsequent to the spectral
weighting of the spectral domain representation of a first channel and a weighting of the spectral
domain representation of a second channel and, as the case may be, the spectral weighting of
spectral domain representations of further channels. The weighted spectral domain representa-
tions are converted from the spectral domain representation into a time representation of the
corresponding channel. In the time domain, the mixing is performed in order to obtain a downmix
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signal as the output of the downmixer. This procedure allows to perform a useful and efficient but
nevertheless high audio quality weighting in the spectral domain, but still allows the individual
processing of the individual channels in the spectral domain compared to a situation, where spec-
tral domain weighting and downmixing is performed in a single operation. In such a situation, it is
not possible anymore to perform individual channel processing, since, subsequent to the spectral
weighting and downmixing, the single downmix signal is there. Thus, in accordance with this as-
pect of the present invention, it is made possible to nevertheless perform an individual channel
processing in the spectral domain, but this individual processing in the spectral domain is per-
formed subsequent to the spectral weighting.

In a situation where the at least two channels have different time or frequency resolutions, the
calculation of the band-wise weighting values for the at least two channels requires to convert
either one or both spectral domain representations of the at least two channels for the individual
bands into corresponding representations that have the same time or frequency resolution. The
band-wise weighting values can be calculated. However, in this aspect, the band-wise weighting
values are not applied to the converted spectral domain representation or the two or more com-
bined spectral representations. Instead, the spectral weighting is applied to the original spectral
domain representation, from which the combined spectral domain representation has been de-
rived. Thus, it is made sure that the weighted spectral domain representations rely on the original
spectral domain representations and only the weighting values that are anyway based on certain
estimates for energy, preferably using a target energy for a band in the channels before downmix-
ing and a target energy for a band of the downmix signal, are derived from one or more combined
spectral domain representations that are at least in some respect different from the original spec-
tral domain representations.

Preferably, the converter for converting the weighted spectral domain representations into time
representations has several components. One component is the actual frequency-time converter
and a further component is a channel-wise post processing in the time domain using parameters
that have been transmitted via, for example, side information with the multi-channel signal, from
which the spectral domain representations come from. Alternatively, the post-processor is applied
before the actual frequency-time conversion. The control parameters steer a spectral domain pro-
cessing of the individual channels. However, it is preferred to have the frequency-time converter
first and to have the post-processor for post-processing time domain representations of the at
least two channels using channel-wise control parameters that are derived from side information
of the multi-channel signal or that are actually generated or input at the downmixer via user input
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or any other parameter generation. Subsequent to this time domain post-processing, the mixer is
there that actually generates the downmix signal.

This procedure provides a high quality audio signal processing due to the application of the band-
wise weighting values to the original spectral domain representations, and due to the fact that the
band-wise weighting values that are anyway based on some kind of power or image estimate are
derived from one or more (artificially-created) combined spectral domain representation(s). On
the other hand, a high processing flexibility is achieved due to the fact that any probably required
time domain or frequency domain processing of individual channels can still be performed, since
the actual mixing step is the last step in the processing chain that occurs, when all required indi-
vidual channel processings have been applied. Furthermore, this procedure is highly efficient,
since this procedure does not require any downmixing of control parameters or so that would be
required, when the actual downmixing operation would be the first processing operation in the
processing chain.

In accordance with a second aspect of the present invention, an apparatus for converting a spec-
tral resolution comprises a spectral value calculator for combining spectral values belonging to
the same frequency bin from each sub-frame of a plurality of sub-frames of one or more spectral
domain representations in a first manner to obtain a first group of combined spectral values and
for combining spectral values belonging to the same frequency bin from each sub-frame of the
spectral domain representation in a second manner to obtain a second group of combined spec-
tral values. This second manner is different from the first manner and the first and second groups
of combined spectral values represent a combined spectral domain representation having a dif-
ferent time bin size and a different frequency bin size. This spectral resolution conversion is par-
ticularly useful, when there exists a pair of spectral representations coming from a short time-
frequency transform showing a high time resolution but a low frequency resolution.

In accordance with the second aspect of the invention, this pair of short spectral domain repre-
sentations is converted into a single long spectral domain representation having a high spectral
resolution but having a low time resolution. This conversion from one time/frequency resolution
(high time resolution and low frequency resolution) into a different time/frequency resolution (low
time resolution and high frequency resolution) takes place without any actual calculation of a time
domain representation in between. Thus, instead of the normal procedure that would consist of
converting the two short spectral domain representations into the time domain and to again con-
vert the result into the frequency domain, the present invention only applies a spectral domain
combination of spectral values belonging to the same frequency bin in two different manners.



10

15

20

25

30

35

WO 2020/178321 PCT/EP2020/055669

Thus, in contrast to the performing of two frequency-time conversions and one time-frequency
conversion that is highly inefficient and incurs a significant delay, the present invention only pro-
vides needs basic arithmetic combination operations such as adding two values or subtracting
two values from each other in order to obtain, from the two low frequency resolution spectral
domain representations a high spectral domain representation. Preferably, the first combination
rule is a low-pass filtering or, in other words, an addition or a weighted addition of the two spectral
values belonging to the same low resolution frequency bin, while the combination of the spectral
values in accordance with the second manner is a high-pass filtering or a calculation of a differ-
ence between the two spectral values. The corresponding two adjacent serial spectral values are
converted into two frequency-adjacent spectral values, where one of the two frequency-adjacent
spectral values is the lower frequency spectral value coming from the low pass filtering operation

and the next one is the higher frequency spectral value coming from the high pass operation.

The next procedure is that the next pair of high spectral resolution spectral values is calculated
again in the same procedure, i.e., performing a first combination for the lower frequency spectral
value typically representing a low pass characteristic and performing another combination for the
higher frequency spectral value representing a high pass operation for the higher frequency spec-
tral value of the pair of spectral values.

The combined spectral domain representation generated in accordance with the second aspect
of the present invention can be used for different purposes. In the first aspect of the invention, the
combined spectral domain representation is used for deriving the band-wise weighting values.
This is particularly useful, when a first channel spectral domain representation has a low time
resolution and a high spectral resolution, and a second channel of the at least two channels has
two high time resolution spectral domain representations that both have a low is converted and,
from the combined spectral domain representation generated by the converting, the band-wise
weighting values can be derived. In a further usage, the combined spectral domain representation
can be further processed by means of any useful further processing such as converting in the
time domain and using the converted spectrum for the purpose of replaying or storing or audio
signal compressing. Another procedure would be to perform a spectral processing of the com-
bined spectral domain representation together with another spectral representation that has the
same spectral resolution, for example for the purpose of spectral-domain downmixing.

In accordance with a third aspect of the present invention, the downmixing operation is performed
using spectral weighting, where the band-wise weighting values are calculated based on a target
energy value per band, so that an energy in the band of a downmix signal is in a predetermined
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relation such as equal or equal within a tolerance range of +/- 30% of the higher value of the two
energies in the same bands of the at least two channels. The energy-driven band-wise weighting
values are applied to spectral domain representations of the at least two channels and the
downmix signal is calculated using the weighted spectral domain representations of the at least
two channels either in the time domain as in the first aspect of the invention or in the spectral
domain as required.

In a case, where the spectral domain representations are purely real, such as in an MDCT trans-
form or when the spectral domain representations are purely imaginary such as when applying
an MDST (modified discrete sine transform), the weighting value estimator is configured to esti-
mate, from the existing spectral domain representation that it is either purely real or purely imag-
inary, the other spectral domain representation. Thus, when a real-valued spectral domain repre-
sentation exists, the imaginary spectral domain representation is estimated, and when an imagi-
nary spectral domain representation exists, the real-valued spectral domain representation is es-
timated. These estimated values are used for calculating an energy of the first channel in the
band, for calculating an energy of the second channel in the band, and for calculating mixed terms
between the channels depending on a product or a linear combination of spectral values from the
at least two channels in the band.

This procedure of calculating the band-wise weighting values for a spectral weighting in the con-
text of a downmixing can be applied in the first aspect, where, between the spectral weighting
and the downmixing, the frequency-time transform and some time domain post processing oc-
curs. Regarding the second aspect of the invention, the spectral domain representation of one or
both channels that are used for calculating the spectral domain weighting values in accordance
with the target energy feature are derived either from the original spectral domain representations
or are derived from one or two combined spectral domain representations as have been gener-
ated by the spectral resolution conversion illustrated with respect to the second aspect of the
invention or illustrated with respect to the first aspect.

The downmixing using spectral weighting using band-wise weighting values that are derived
based on a target energy value per band is, on the one hand, highly efficient due to the fact that
the spectral weighting can be easily performed by applying one and the same weighting value to
each spectral value in a band, particularly, when psycho-acoustically motivated bandwidths are
applied that increase from small bandwidths at low frequencies to high bandwidths at high fre-
quencies. When, for example, a high band is considered that has, for example, 100 or more spec-
tral values, only a single weighting value for this band is calculated and this single weighting value



10

15

20

25

30

35

WO 2020/178321 PCT/EP2020/055669

is applied to each individual spectral value. For this procedure, only moderate computational re-
sources are necessary, since weighting by means of, for example, multiplication is a low resource
and low delay procedure and, at the same time, this procedure of applying the same weighting
value to each spectral value in a band has a high potential to be parallelized by means of certain
parallel hardware processors. On the other hand, a high audio quality of the downmix signal is
obtained that is free of signal cancellations or other artifacts that occur, when the two channels
that are to be dowmixed are in a phase relation to each other that is problematic in downmixing,
i.e., when both channels are highly correlated with each other and have a certain phase relation-
ship.

Preferred embodiments of the present invention are subsequently discussed with respect to the

accompanying drawings, in which:

Fig. 1 illustrates a downmixer in accordance with a first aspect;

Fig. 2 illustrates a further embodiment of the downmixer in accordance with the first as-
pect;

Fig. 3a illustrates a preferred implementation of the weighting value estimator;

Fig. 3b illustrates a preferred embodiment of the weighting value estimator that is preferred

also for the third aspect;

Fig. 4a illustrates different time/frequency resolutions in different channels;

Fig. 4b illustrates a spectral representation showing a high spectral resolution, a medium
spectral resolution and a low spectral resolution;

Fig. 5a illustrates weighting value estimation in accordance with the first embodiment re-

sulting in a low frequency resolution and a low time resolution;

Fig. 5b illustrates a procedure performed by the weighting value estimator in accordance
with a second embodiment resulting in a high frequency resolution and a low time
resolution that is also applied in accordance with the second aspect;



10

15

20

25

30

35

WO 2020/178321 PCT/EP2020/055669

Fig. 5¢ illustrates an implementation of the weighting value estimation in accordance with
a third embodiment resulting a low frequency resolution and a high time resolution;

Fig. 5d iltustrates a further procedure of the weighting value estimator resulting in a high
frequency resolution and a high time resolution;

Fig. 6 illustrates an embodiment of an apparatus for converting a spectral resolution in

accordance with the second aspect;

Fig. 7 illustrates a further implementation of the apparatus for converting a spectral res-
olution in accordance with the second aspect;

Fig. 8 illustrates an embodiment of the downmixer in accordance with the third aspect;
and

Fig. 9 illustrates a further embodiment of the downmixer in accordance with the third as-
pect.

Fig. 1 illustrates an embodiment of a downmixer for the first aspect of the present invention. The
downmixer comprises a weighting value estimator 100, a spectral weighter 200 connected with
the weighted value estimator 100 and an input for a first or left channel and a second or right
channel. The spectral weighter 200 is connected to a converter 300 for converting weighted spec-
tral domain representations of the at least two channels into time representations of the at least
two channels. These time representations are output to a mixer for mixing the time representa-
tions of the at least two channels to obtain a time-domain downmix signal. Preferably, the con-
verter 300 comprises a frequency-time converter 310 and a subsequently connected post-pro-
cessor 320. The frequency-time converter 310 actually performs the conversion of the weighted
spectral domain representations in the time domain and the post-processor 320 that is an optional
feature performs a channel-independent processing of the first channel and the second channel
already present in the time domain using control parameters for the left channe! and the right
channel, respectively. The converter 300 is configured to generate, by means of the frequency-
time converter 310, the raw time representations using a spectrum-time conversion algorithm and,
additionally, the converter 300 is configured to post-process, by means of the post-processor 320,
the raw time representations individually, and, particularly, in signal processing direction before
the mixing by the mixer using separate control information for the channels to obtain the time
representations of the at least two channels.
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Preferably, the post processor 320 is configured to perform, as the post-processing operation, a
bass post-filtering, a TCX-LTP processing (transform coded excitation long term prediction), or
an LPC (linear prediction coding) synthesis. The advantage of the post-processor operating on
the spectrally weighted channels, but operating before the actual mixing into the downmix signal
is that parameters that are available as separate parameters for the left and the right channel or,
generally, for an individual channel of the two or more channels of the multi-channel signal can
still be used without any parameter downmixing. Such a procedure would, otherwise, be neces-
sary when the downmixing would be performed together with the spectral weighting so that, at
the output of the frequency-time converter 310 there would already exist a time domain downmix

signal.

Generally, the muiti-channel signal may comprise two channels, i.e., left channel and the right
channel, or the muiti-channel signal comprises more than two channels such as three or more
channels. In such a situation, the weighting value estimator 100 is configured to calculate a plu-
rality of first band-wise weighting values for a plurality of bands of a first channel of the at least
two channels and to calculate a second plurality of band-wise weighting values for the plurality of
bands of a second channel of the at least two channels. Furthermore, the weighting value esti-
mator 100 is configured to calculate the plurality of first band-wise weighting values for a plurality
of bands of a first channel of the multi-channel signal having more than two channels and to
calculate a second plurality of band-wise weighting values for the plurality of bands of a second
channel of the more than two channels and to calculate the further plurality of band-wise weighting
values for the plurality of bands of a third or even further channel of the more than two channels.

Particularly, the spectral domain representations of the at least two channels each comprise a set
of frequency bins, where spectral values are associated with the frequency bins. Particularly, the
weighting value estimator 100 is configured to calculate the band-wise weighting values for bands,
where each band comprises one, two or more spectral values and, preferably, the number of
frequency bins per band increases with bands having a higher center frequency so that the psy-
cho-acoustically motivated subdivision of the spectral domain representations into bands with

non-uniform bandwidths is obtained.

A preferred implementation for the downmixer is illustrated in Fig. 2. The multi-channel signal is
available as a stereo bitstream and is fed into a stereo decoder 500 that is preferably implemented
as an MDCT stereo decoder. Furthermore, the weighting value estimator comprises a left value
calculator 110, a right value calculator 112 and, additionally, an imaginary part estimator 120 for



10

15

20

25

30

35

WO 2020/178321 PCT/EP2020/055669

10

the left channel and an imaginary part estimator 122 for the right channel. In the embodiment in
Fig. 2, the stereo decoder 500 is an MDCT stereo decoder which means that the decoded left
and right channel spectral representations have purely real spectral values, i.e., MDCT values.
The imaginary estimators 120, 122 will generate purely imaginary spectral values, i.e., MDST
(modified discrete sine transform) values. From these information items, i.e., the spectral domain
representations and the estimated spectral values, the weighting factors are calculated and for-
warded to the spectral weighter 200 performing a band-wise weighting as indicated in Fig. 2. The
weighted spectral domain representations are forwarded to corresponding frequency-time con-
verters 310 that are implemented as an IMDCT converter for each channel. Furthermore, an op-
tional post-processor 320 is illustrated as well for each channel and, the transformed and option-
ally post processed data is input into the downmixer DMX 400 to generate the time-domain
downmix signal that is, in the embodiment in Fig. 2, a mono output signal, but can also be a
multichannel signal as long as the number of one or more channels of the downmix signal is lower
than the number of channels of the multichannel signal before downmixing.

Alternatively, when the multi-channel decoder or stereo decoder 500 is implemented as an imag-
inary value decoder such as an MDST decoder, blocks 120, 122 would estimate purely real data
such as MDCT values. Thus, in general, the weighting value estimator 100 is configured to esti-
mate an imaginary spectral representation when the spectral domain representation is purely real
or to estimate the real spectral representation when the original spectral domain representation
is purely imaginary. Furthermore, the weighting value estimator 110 is configured to estimate the
weighting values using the estimated imaginary spectral representation or the estimated real
spectral representation, as the case may be. This is particularly useful for a calculation of spectral
band-wise weighting values that is based on a target energy value per band, so that an energy in
a band of the downmix signal is in a predetermined relation to energies in the same bands of the
at least two channels. Preferably, the predetermined relation is that the energy in a band of the
downmix signal is the sum of the energies of the same bands in the at least two channels. How-
ever, other predetermined relations are useful as well. Exemplarily, the predetermined relation
may span from 75% to 125% of the sum of the two channels as the energy of the corresponding
band of the downmix signal. However, in a most preferred embodiment, predetermined relation
is the equality or the equality within a tolerance range of +/- 10%.

Fig. 3a illustrates a preferred implementation of the weighting value estimator 100. Particularly,
this implementation is useful for calculating the weighting values when the spectral domain rep-
resentations of the at least two channels have different time or frequency resolutions. As shown
in block or step 130, the weighting value estimator 100 is configured to check, whether the
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time/frequency resolutions of the spectral domain representations of the first and the second
channels are different from each other. In case of equal time or frequency resolutions, the
weighting value estimator 100 is configured to calculate the band-wise weighting factors or band-
wise weighting values as indicated by w for the first or left channel and as indicated by wr for the
second or right channel.

Alternatively, when it is determined by the weighting value estimator 100 in block 130 that the
time or frequency resolutions are not equal between the left and right or first and second channels
for a certain time period as later illustrated with respect to Fig. 4a, the weighting value estimator
100 is configured to calculate 132 one or two combined spectral domain representations. Partic-
ularly, a first spectral domain representation of a first channel of the at least two channels has a
first time resolution or a first frequency resolution, and a second spectral domain representation
of a second channel of the at least two channels has a second time resolution or a second fre-
quency resolution, wherein the second time resolution is different from the first time resolution or
wherein the second frequency resolution is different from the first frequency resolution. The
weighting value estimator 100 is configured to convert or calculate 132 the first spectral domain
representation into a combined spectral domain representation having the second time resolution
or the second frequency resolution and to calculate the band-wise weighting values using the
combined spectral domain representation and the second spectral domain representation. Alter-
natively, the second spectral domain representation is converted into a combined spectral domain
representation having the first time resolution or the first frequency resolution and the band-wise
weighting values are calculated using the combined spectral domain representation and the first
spectral domain representation. Alternatively, when the first spectral domain representation of a
first channel has a first time resolution or a first frequency resolution and the second spectral
domain representation of a second channel of the at least two channels has a second time reso-
lution or a second frequency resolution, wherein the second time resolution is different from the
first time resolution or wherein the second frequency resolution is different from the first time
resolution, the weighting value estimator 100 is configured to convert or calculate 132 the first
spectral domain representation into a first combined spectral domain representation having a third
time resolution or a third frequency resolution, where the third time resolution is different from the
first time resolution or the second time resolution and where the third frequency resolution is dif-
ferent from the first frequency resolution and/or the second frequency resolution. Furthermore,
the second spectral domain representation is also converted into a second combined spectral
domain representation having the third time resolution or the third frequency resolution and the
band-wise weighting values are calculated using the first combined spectral domain representa-
tion and the second spectral domain representation. Depending on the actual situation as later
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described with respect to Figs. 5a to 5d, there can also be the situation that the band-wise
weighting values or factors calculated by block 134 are not used for actually spectrally weighting,
but derived band-wise weighting factors are calculated as illustrated at 136 in Fig. 3a.

Generally, and assuming that the first channel has a low first time resolution and a high first fre-
quency resolution and also assuming that the second channel has a high second time resolution
and a low second frequency resolution, the functionality of the weighting value estimator 100 can
select one of four different ways for doing the matching between the resolutions between the first
and the second channel in the spectral domain in order to calculate spectral domain weighting
values for these channels.

Fig. 5a illustrates a first embodiment, where band-wise weighting values are calculated from two
combined spectral domain representations where the two combined spectral domain representa-
tions both have a low frequency resolution and a low time resolution.

In the second embodiment illustrated in Fig. 5b, only a single combined spectral domain repre-
sentation is calculated from the low frequency resolution representation so that the band-wise
weighting values are calculated from a pair of speciral domain representations both having the
high frequency resolution and the low time resolution.

Fig. 5c¢ illustrates a further third embodiment, where a single combined representation is calcu-
lated and used for the calculation of the specitral domain band-wise weighting values using two
spectral domain representations both having the low frequency resolution and the high time res-

olution.

In a fourth embodiment illustrated in Fig. 5d, the weighting value estimator is configured to calcu-
late the band-wise weighting values using two combined representations that are both in a format
that shows the high frequency resolution and the high time resolution.

Fig. 4a illustrates a situation, where there are two different resolutions (in time and/or frequency)
in the first channel and the second channel. The first portion in Fig. 4a shows a frame having a
long block in the first channel and two subsequent short blocks in the second channel. The long
block can, for example, be a TCX20 block. The short blocks can be two subsequent TCX10
blocks. Furthermore, Fig. 4a illustrates a further frame which is subdivided into two sub-frames A,
B, where, in the first channel, the sub-frame A has a short block and, in the second channel, the
sub-frame has a short block as well. However, in sub-frame B of the second frame of Fig. 4a, the
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first channel has a short block and the second channel has two very short blocks, i.e., one very
short block for each sub-sub-frame. The very short block can, for example, be TCX5 blocks. Gen-
erally, the long blocks are longer than the short blocks and the short blocks are longer than the
very short blocks and, of course, the very short blocks are shorter than the long blocks. Naturally,
it is not necessary that one long block has the same length as two short blocks. Alternatively,
there can be three short blocks having a combined length being equal to the length of one long
block or there can be four short blocks such as a very short block for each sub-sub-frame. Other
subdivisions can be there as well, i.e., that two long blocks in the first channel have a combined
length being equal to the length of three short blocks in the second channel. The lengths of the
long, short and very short blocks do not necessarily have to be in an integer relation to each other.
Furthermore, there can even be more than three different block lengths such as more than three
block lengths or only two different block lengths.

Fig. 4b illustrates a representation of a spectrum with a high spectral resolution in the first line.
Spectral values are indicated at integer numbers along the frequency line and Fig. 4b illustrates
three subsequent bands b, b,, ba, where each band representing higher frequencies is broader
than each band representing lower frequencies. In the high spectral resolution situation such as
in a TCX20 spectrum, the lowest band by has four spectral lines or spectral values or spectral
bins. The second band b, has, in the embodiment, eight spectral values and the third spectral
band bz has twelve spectral bins. Transferring or converting the high spectral resolution into a
medium spectral resolution representation results in the fact that, from the high resolution spectral
representation, spectral values are combined {or decimated) so that the medium spectral resolu-
tion such as a TCX10 resolution has two speciral bins for the first band, four spectral bins for the
second band b, and six spectral bins for the third band bs. Once again comparing this medium
spectral resolution with a low spectral resolution representation such as occurring in a TCX5
block, the first band would only have a single frequency bin, the second b, would have two fre-
quency bins and the third spectral band b; would have three spectral bins. The medium spectral
resolution could be converted into the low spectral resolution by combining two or more adjacent
spectral lines or by a decimation operation.

On the other hand, a low spectral resolution representation could be converted into a higher res-
olution representation by means of interpolation or copying or copying and filtering so that, for
example, from the two spectral bins in the first band b4 for the medium spectral resolution, four
high resolution spectral bins 1, 2, 3, 4 as illustrated in Fig. 4b could be calculated.
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This novel approach aims at providing a delay-less, active, band-wise downmixing method for
stereo-to-mono conversion where only the band-wise weighting of the spectral bands of the two
channels is done in frequency domain while the actual downmix to a mono signal is done after
transforming to time-domain by summing and scaling the two spectrally weighted signals.

In case the spectral domain representations of both signals have different time-frequency resolu-
tions (i.e. shorter block size for one signal), the weight calculation is adapted by combining neigh-
boring spectral bins both temporally and spectrally so that the cross-spectra computation can be
done on the same time-frequency regions.

With this method the time-frequency resolution of the two stereo channel does not need to be
uniform as a band-wise weighting of channels can still be done if the channels differ in this regard
while the critical stereo-to-mono conversion is done later when both spectrally weighted channels
are already transformed back to time-domain.

Embodiments provide an optimized, delay-less stereo-to-mono downmix at a decoder side.

Preferred aspects relate to an active downmix with band-wise weighting with separated weighting
(frequency-domain) and mixing stages (time-domain).

Further preferred aspects relate to a temporal/spectral combination of frequency bins for cross-
spectra correlation in case of channels with different spectral domain representations, where
these aspects can be used separate from the downmix aspects or together with the downmix

aspects.

Different from parametric Stereo codecs like [7], where only an already downmixed core signal is
transmitted along with several side parameters representing the stereo image, there is no
downmix available at the decoder for an MDCT-based discrete Stereo application where both
channels are always directly coded with a TCX coder. Thus, the downmix has to be generated

entirely at the decoder side.

Fig. 3b illustrates a preferred implementation of the weighting value estimator 100 illustrated in
Fig. 1. In step 140, the weighting value estimator estimates corresponding imaginary or real value
spectral values per frequency bin from the first channel and the second channel or, alternatively,
from the first channel and a combined spectral domain representation or from the second channel
and the combined spectral domain representation or from a first combined spectral domain rep-
resentation and a second combined spectral domain representation. Generally, the weighting
value estimator is configured to calculate the first weighting value and the second weighting value
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using an energy of the first channel in the band, and energy of the second channel in the band
and a mixed term depending on a product or a linear combination of spectral values from the at
least two channels in the band. In Fig. 3b, the energy of the first channel and the energy of the
second channel is exemplarily calculated in block 140. Furthermore, a mixed term depending on
a product is calculated in block 148 and another mixed term depending on a linear combination
is calculated in block 146. Furthermore, an “amplitude” per band that corresponds to a square
root of the power of the spectral bins per band is calculated in block 144,

Thus, as illustrated in Fig. 3b, the first weighting value w. is calculated from the amplitudes per
band for both channels and depending on a mixed term and, preferably, the mixed term depend-
ing on the linear combination illustrated in block 146. Furthermore, itis preferred that the weighting
vector w, per band is calculated using the weighting value wg per band, i.e., for the other channel.
The value for the other channel, i.e., wg per band is preferably calculated based on the mixed
term depending on the product illustrated at 148 and the “amplitudes” per band derived by block
144 from the powers per band in the corresponding channels as determined in block 142.

Thus, preferably, a square root of an energy of spectral values added to each other in the band
from the spectral domain representations of the at least two channels is used as the “amplitudes”,
but other “amplitudes” can be used as well such as “"amplitudes” derived from the powers by an
exponent being lower than 1 and different from 1/2. The spectral values from a band are linearly
combined, i.e., added to each other and a square root or any other exponentiation with an expo-
nent lower than 1 of the resulting value is taken, where, preferably, the powers both for the chan-

nels in the band are additionally used.

As the mixed term representing the product, an absolute value of a complex dot product between
the spectral values in the band of the first channel and the spectral values in the band of the
second channel can be determined as well, for example, in the calculation of block 148. Prefera-
bly, the same weight as determined by the spectral weighter 200 is applied to each spectral value
in the band of one of the at least two channels and another weight is applied to each spectral
value in the band of another channel of the at least two channels.

Subsequently, a preferred implementation of the calculation of the weighting factors per band as
can be used by the weighting value estimator 100 is illustrated.

As the usage of a passive downmix has its disadvantages as stated above, using an active
downmixing scheme leads to significant improvements for many items. Adding another decoder
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stage including a DFT transform for both channels after the sterec decoding is not feasible for
both complexity and delay reasons, so the downmixing process is done as a combination of

MDCT domain and time domain processing.

First, band-wise weights are computed and applied to the MDCT representations of both chan-
nels. This happens after the Stereo processing (e.g. inverse MS etc.) and directly before the
IMDCT back transform. The weights are computed with the same scheme that is already used at
the DFT-based Stereo encoder described in [7], targeting the energy of the phase-rotated mid-

channel:

L+ Re™1" (L) +(R,R) +2|(LR)| _ILI> +RI? + 2|(L,R)|
Emrget: 2 l = 4 = ) s

where L and R represent the left and right channel spectral magnitudes. Based on this target
energy the weight for the channels can be then computed for each spectral band as follows:

1 L2 + |RIZ + 2[{L, R)]
W prnd
R=o%2 IL| + |R|

and

1L+ R]

WL=WR+1*W

These weights or band-wise weighting values wg and w are computed per spectral band with
each band encompassing several MDCT bins starting with a low number of bins for the lowest
bands e.g. 4 and increasing towards higher frequencies up to several or many bins for the highest
band e.g. 160.

As the transmitied MDCT coefficients are only real-valued, the complementary MDST values that

are required for energy-preserving weighting are obtained for each channel by the estimate [9]
MDST; = MDCT;q4 — MDCT;_,,

where i specifies the spectral bin number.
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Using this estimate |L| and |R| are computed for each band b as

iinb

L] = J >’ (MpCT,? + MDSTy®),  IRI = \/ D (MDCT,” + MDST, )
iinb

|L + R} is computed as

2
IL+R| = ||LI?+|R|*> + 2<Z (MDCT; MDCT; . + MDSTMMDSTM))

iinb
and |{L, R)| is computed as the magnitude or absolute value of the complex dot product

(L, R)|

2 2
= <Z (MDCT; ,MDCT;,, + MDSTL,MDSTLT)> + <Z (MDST;MDCT; . — MDCT,.JMDSTW))
iinh iinb

where i specifies the bin number inside spectral band b.

In spite of the different transform and only estimated energies, the resulting weights still lead to a

similar downmix as in [7].

In a second step, the two weighted channels are then downmixed in time domain by simple sum-

ming and scaling of the two spectrally weighted channels.
Reference is made to Fig. 2.

The reason for this combined approach is twofold: for one, by transforming both channels back
to time domain, post-filtering , e.g. TCX-LTP - which also operates in time domain — can run on
both channels using the parameters (e.g. pitch) extracted from the core coding of the individual
channels, thus avoiding the need to try and find averaged parameters that fit the downmix. Sec-
ondly, and more critically, MDCT Stereo is configured to allow different core coder and/or overlap
decisions for the two channels. Concretely, this means that one channel can be coded with e.g.
one TCX20 long block (20ms frame, higher frequency resolution, lower time resolution) while the
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other is coded with e.g. two TCX10 short blocks (2 x 10ms subframes, lower frequency resolution,
higher time resolution) where one or both short blocks may again be divided into two TCX5 sub-
frames (2 x 5ms). This makes a complete frequency domain downmix virtually impossible. The
band-wise weighting alone, however, can be done directly in MDCT domain.

One embodiment illustrated in Fig. 5a works as follows: For the special case of different cores in
the two channels the computation of the cross-spectra correlation as part of the weight calculation
has to be slightly adapted. Due to the different frequency and time resolutions of TCX20 and
TCX10, directly calculating the dot product between left and right is not possible . Instead, the
MDCT bins have to be combined so that they cover the same time-frequency regions. For TCX20
this means always combining two neighboring bins while for TCX10 each bin of the first subframe
has to combined with the same bin in the following subframe, for example

MDCTi,l,combined = MDCT, it MDCT2i+1,l

And

MDCTi,r,combined = MDCTL’,I(O,T + MDCTi,kl,r

if MDCT, is a TCX20 MDCT spectrum and MDCT, a TCX10 MDCT spectrum with 2 subframes
where i specifies the spectral bin number and k0 and k1 the TCX10 subframes. The same com-
bination is also done with the estimated MDST spectra.

The cross-spectra correlation |(L, R)| and/or the value for |L + R| is then computed with the result-
ing combined bins. This leads to a somewhat coarser correlation estimate but has been found to

be fully sufficient.

Another embodiment illustrated in Fig. 5b works as follows: For the special case of different cores
in the two channels the computation of the cross-spectra correlation as part of the weight calcu-
lation has to be slightly adapted. Due to the different frequency and time resolutions of TCX20
and TCX10, directly calculating the dot product between left and right is not possible. In order to
make it possible, the spectrum of the (sub)frame with the lower spectral resolution is converted
into an approximation of a spectrum with twice the spectral resolution by computing:

1 ,
MDCTyi k0 = E(MDCTLM + (—=1)!MDCT; o)
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and

1 ,
MDCT2i+1,k0 = 5 (MDCTi,m - (‘DLMDCTi,ko)

where i specifies the spectral bin number and k0 and k1 the subframes with lower resolution.
These additions and subtractions can be seen as high- and lowpass filtering operations that split
one lower-resolution bin into two higher-resolution bins where the filtering depends on whether
the bin number i is even or odd (starting with i = 0 for the lowest bin).

This means that if one channel is TCX20, the other channel is converted to the same spectral
resolution. If one or both of the subframes of the other channel are subdivided again into two
TCX5 “sub-subframes”, these are first converted to TCX10 resolution by the same filtering before
splitting again to arrive at the final TCX20 representation

Even if none of the channels is TCX20, conversion to the higher resolution may still be necessary
for one or both subframes in case there is TCX10 in one channel and TCX5 in the other. As an
example, if the left channel is TCX10 in subframe A and 2 x TCX5 in subframe B, while the right
channel is 2 x TCX5 in subframe A and TCX10 in subframe B, both channels will be converted to
have TCX10 resolution in both subframes (convert subframe B for left channel, A for right chan-
nel). If in the same example the right channel is also TCX 10 for subframe A and 2 x TCX5 for B,
then no conversion is done; i.e. subframe A will be downmixed with TCX10 resolution, B with
TCXS5.

The MDST estimates and the final channel weights are then computed using these converted
spectra. The weights themselves are applied to the original input spectra which means that in
case of a conversion each computed weight is applied to all bins covering the same frequency

range in the original lower resolution for every subframe.

By separating the weighting stage of an active band-wise downmix from the actual mixing stage
the new method is able to output a mono signal with the advantages of the active downmix, but
without additional delay or complexity and independent of the chosen time-frequency resolution

of the individual channels.
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It also allows the use of further time domain post processing (e.g. TCX-LTP post-filter using pitch
information) on both channels without the need of a dedicated parameter downmix.

Fig. 5a illustrates the first alternative, where two combined spectral domain representations are
generated. The first combined spectral domain representation is calculated by adding two neigh-
boring bins of the high resolution spectral domain representation illustrated to the left of Fig. 5a

to obtain the first combined spectral domain representation.

Furthermore, the two low spectral resolution representations illustrated at TCX10 in the middle of
Fig. 5a are combined to each other in order to obtain the second combined spectral domain rep-
resentation. The weighting value estimator 100 is configured to calculate the left and the right
weighting factors w. and wr from these two combined spectral domain representations.

With respect to the actually performed spectral weighting performed by the spectral weighter 200,
the weighting factor for the left channel is applied to the original left channel representation, i.e.,
the TCX20 representation illustrated to the left of Fig. 5a. Furthermore, the band-wise weighting
values for the right channel represented by two time-subsequent TCX10 blocks are applied to
both TCX10 blocks. The same band-wise weighting value is applied to the corresponding bands
of the two time-subsequent TCX10 blocks illustrated in the middle of Fig. 5a.

In the second alternative illustrated in Fig. 5b, only a single combined spectral domain represen-
tation is calculated as illustrated for several different cases. When, for example, a sub-frame in
the first channel has two very short such as TCX5 frames and the next sub-frame has a single
TCX10 frame, and when the second channel has, for example, two TCX10 frames, the combined
spectral domain representation is calculated for the first sub-sub-frame while, for the second sub-
sub-frame, the first and the second channel already are in the TCX10 representation.

In this example, the spectral weighter 200 is configured to apply the high spectral resolution
weighting factors to corresponding bands in the sub-frames each representing five milliseconds,
for example. Furthermore, the high resolution weighting factors are applied to corresponding orig-
inal spectral domain representations of the other channel having a short TCX10 frame in the first

sub-frame A, for example.

Alternatively, the situation is so that the first channel has a representation illustrated to the left of
Fig. 5b and the second channel has a representation illustrated to the right of Fig. 5b, the repre-
sentation of the first channel is converted into a single combined spectral domain representation
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via the two steps from the left in Fig. 5b to the middle and from the middle in Fig. 5b to the right.
The frequency resolution is used for calculating the weighting factors and the corresponding
weighting factors are applied to the high frequency resolution and low time resolution represen-
tation of the second channel that would have a resolution illustrated to the right in Fig. 5b, and the
same values for a band would be applied to all the individual sub-frames A, B and the next sub-
frame illustrated by D and C in Fig. 5b.

Fig. 5¢c illustrates another alternative where the actual domain weighting values are calculated
from a low frequency resolution and a high time resolution representation. The first channel is, for
example, a TCX20 representation and the second channel is, for example, a sequence of two
TCX10 representations. In contrast to the alternative illustrated in Fig. 5b, the combined repre-
sentation is now a high time resolution and low frequency resolution representation illustrated in
the upper right corner of Fig. 5¢c. The spectral domain weighting factors are calculated from the
combined representation on the one hand and the original spectral domain representation of the
second channel illustrated in the lower left corner of Fig. 5c.

Two sets of band-wise weighting values are obtained, i.e., one for each sub-frame. These values
are applied to the corresponding sub-frames of the second channel. However, due to the fact that
the first channel only has a single spectral domain representation for the whole frame, derived
spectral domain weighting values are calculated as illustrated at block 136 in Fig. 3a. One proce-
dure for calculating a derived spectral domain weighting value is to perform a weighted addition
of the corresponding weighting values of one and the same band for the two (or more) sub-frames,
wherein each weighting value is, for example, weighted by means of 0.5 in the weighted addition
resulting in an averaging operation. Another alternative would be to calculate an arithmetic or
geometric mean of the weighting values for the two sub-frames or any other procedure to obtain
a single weighting value from two weighting values for a band in a frame. An option could be
simply to select one of the two values and to neglect the other one, etc.

Furthermore, for calculating the combined spectral domain representation from the first channel,
a procedure as discussed before with respect to Fig. 5a can be used, i.e., two neighboring spectral
values can be added together to reduce the spectral resolution. This is also illustrated in Fig. 4b
where the high spectral resolution having a certain number of spectral values in a band can be
reduced to the medium spectral resolution having a lower number of spectral values in the same
band. Furthermore, in order to double the spectral values for the two sub-frames illustrated in the
upper right corner of Fig. 5¢ one can, for example, use the same (low spectral resolution) spectral
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values for a band in both sub-frames, or one can perform some kind of weighted decimation using

earlier or later values, as the case may be.

Fig. 5d illustrates a further implementation where the first channel has a high frequency and low
time resolution representation such as a TCX20 representation, and the second channel has a
low frequency and high time resolution representation such as a sequence of two short frames
such as two TCX10 frames. The first combined spectral domain representation is a high frequency
resolution and high time resolution representation and the second combined spectral domain rep-
resentation is, additionally, a high frequency resolution and a high time resolution. The procedure
illustrated in Fig. 5d can, for example, be performed in such a way that, from the first channel, the
first combined spectral domain representation is calculated by taking the same spectral values,
but now for two subsequent time frames illustrated by TCX10. Alternatively, some kind of interpo-
lation processing, etc., can be performed as well in order to double the number of frames so that,
from a TCX20 frame, two subsequent TCX10 frames are calculated. Furthermore, the second
channel is already in the correct time resolution but the frequency resolution has to be doubled.
To this end, a procedure from a lower line to a higher line in Fig. 4b can be performed, i.e., the
spectral value in a frequency bin of TCX10 representation can be processed to have the same
spectral value for a pair of frequency bins. In order to have correct energy, some kind of weighting
can be performed. Alternatively or additionally, some kind of advanced interpolation can be per-
formed so that the frequency bins adjacent to each other in the second combined spectral domain
representation do not necessarily have exactly the same spectral value but different values. The
spectral domain weighting values are calculated by the weighting value estimator 100 from the
first combined spectral domain representation and the second combined spectral domain repre-
sentation that are derived from high frequency resolution and high time resolution data.

The spectral weighter 200 is configured to apply the corresponding spectral domain weighting
values to the second channel where for each sub-frame a set of band-wise weighting values
exists. For the purpose of weighting the first channel TCX20 data, the weighting value estimator
100 is configured to once again calculate derived bandwise weighting factors 136, since only one
set of spectral domain weighting factors is required for weighting the first channel high frequency
resolution and time resolution (TCX20) spectral domain representation. A combination procedure
to calculate the derived band-wise weighting values could be an averaging, for example.

Fig. 6 illustrates a further aspect of the invention, i.e., an apparatus for converting a spectral
resolution of a spectral domain representation of a channel comprising at least two sub-frames,
wherein each sub-frame comprises a plurality of spectral values representing a time bin size and
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a frequency bin size. The spectral value calculator 160 included in the apparatus for converting,
in accordance with the second aspect, comprises a first manner combiner 170 and a second
manner combiner 180. Preferably, the first manner combiner operates as a low pass processor
and the second manner combiner operates a high pass processor. The spectral value calculator
combines, by means of the first manner combiner, spectral values belonging to the same fre-
quency bin from each sub-frame of the spectral domain representation to obtain a first group of
combined spectral values and the second manner combiner 180 combines spectral values be-
longing to the same frequency bin from each sub-frame of the spectral domain representation in
a second manner to obtain a second group of combined spectral values, where the second man-
ner is different from the first manner and where the first group of combined speciral values and
the second group of combined spectral values represent a combined spectral domain represen-
tation having a different time bin size and a different frequency bin size. A preferred implementa-
tion of this calculation is described and illustrated with respect to Fig. 5b where, in one illustration,
the sequence of Ay, As and Bs, Bs is converted into a high spectral resolution representation but
now having a low time resolution as illustrated by F2, E2 on the one hand and F4, E1 on the other
hand.

Alternatively, Fig. 5b also illustrates the situation where the at least two sub-frames are illustrated
in the middle chart of Fig. 5b as being two time-subsequent 10 ms sub-frames and where the high
spectral resolution and low time resolution representation is illustrated to the right of Fig. 5b. Pref-
erably, an addition is performed in the first manner and a subtraction is performed in the second
manner. Furthermore, it is preferred that both procedures also comprise an average function.
Furthermore, the spectral value calculator 160 in Fig. 6 is configured to apply either the first man-
ner or the second manner comprising a weighting using a weighting sign, where the spectral value
calculator is configured to set the weighting sign in accordance with a frequency bin number of
the same frequency bin. Furthermore, the spectral value calculator is, as illustrated in Fig. 5b,
configured to transform a lower resolution bin into two higher resolution bins where the first man-
ner is used for an even bin number and the second manner is used for an odd bin number.

Fig. 7 illustrates a further implementation of the apparatus for converting a spectral resolution. In
addition to the spectral resolution combiner 160, the apparatus for converting a spectral resolution
may comprise further elements. The further elements are, for example, a spectral processor 500
and/or a processing data calculator 190 and/or a further spectral processor 220. In the implemen-
tation with the spectral processor 500, the converted spectral domain representation that has
been converted without any inverse and forward transform operations and, therefore, has been
generated with low computational resources and low delay can be further processed alone or, for
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example, together with another spectral representation that has the same second spectral reso-
lution. This can, for example, be performed for some kind of downmixing. The high frequency
resolution low time resolution representation illustrated to the right of Fig. 5b can not only be used
for calculating processing data but is actually further processed for additional or other alternative
usage such as, for example, downmixing or any kind of audio rendering in a later processing

stage.

On the other hand, the procedure discussed before with respect to Fig. 1 and Fig. 5b, is that the
spectral domain representation with the second spectral resolution, i.e., the “combined spectral
domain representation” is just used for calculating some kind of processing data such as
weighting values for a left and a right channel or, stated generally, for a first and a second channel
of a multi-channel signal. The processing data generated using the spectral domain representa-
tion that has been converted into a high spectral resolution is only used for calculating processing
data but this spectral domain representation is not further processed by itself. Instead, using the
processing data such as the weighting values, the original input spectral domain representation
with the first spectral resolution is spectrally processed as illustrated by block 220. To this end, it
is preferred to use, for example, another spectral domain representation with the first resolution
such as for a downmixing operation, for example occurring in the spectral domain.

Fig. 8 illustrates an embodiment of a third aspect of the present invention operating as a
downmixer for downmixing a multi-channel signal having at least two channels. The downmixer
comprises a weighting value estimator 100 for estimating band-wise weighting values for the at
least two channels, where the weighting value estimator is configured to calculate the band-wise
weighting values based on the target energy value per band, so that an energy in the band of a
downmix signal is in a predetermined relation to energies in the same bands of the at two chan-
nels. Preferably, the weighting value estimator 100 is implemented as illustrated in Fig. 3bandas
discussed in the context of Fig. 3b. The downmixer additionally comprises a spectral weighter
200 and a subsequently connected mixer 400 for calculating the downmix signal using the
weighted spectral domain representations of the at least two channels.

Fig. 9 illustrates a further implementation of the Fig. 8 downmixer. The spectral weighter 200 is
preferably configured to receive control data for the first and/or the second channel. Furthermore,
the spectral weighter is configured to apply the control data for one of four different pairs of input
data. The first pair of input data can be the first channel spectral domain representation and the
second channel spectral domain representation as illustrated to the left in Fig. 9. The second
alternative can be the first channel spectral domain representation and the combined spectral
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domain representation derived as, for example, discussed with respect to Fig. 5b, 5c. Further-
more, the other alternative can be a pair of data representing the second channel spectral domain
representation and a single combined spectral domain representation as also discussed before
with respect to Fig. 5b, 5¢c. Another alternative can be that the spectral weighter 200 applies the
spectral weights to a first combined spectral domain representation and a second combined spec-
tral representation as illustrated, with respect to Fig. 5a or 5d. The control data for the first and/or
second channels can, for example, be the weighting values we on the one hand and wr on the
other hand, but can also be any other control data used for performing any kind of spectral
weighting.

A further element of the downmixer is, in an embodiment, an adder 480 that calculates an added
spectral domain representation, i.e., a downmix spectral domain representation in the spectral
domain. A mono signal processor 490 can be used that is, for example, controlled by any data or
that is, for example, implemented as a frequency-time converter as has been discussed before
with respect to block 310 of Fig. 1 or Fig. 2.

Itis to be emphasized that the three aspects can be used separately from each other but can also
be advantageously combined to each other. In particular, the implementation of the weighting
value estimator in accordance with Fig. 8 can be applied in the weighting value estimator 100 of
the first aspect illustrated in Fig. 1. Furthermore, the spectral resolution converter illustrated in
Fig. 6 is preferably implemented by the weighting value estimator 100 of Fig. 1 in the alternative
illustrated in Fig. 5b generating a high resolution/low resolution spectral domain representation
from two high time resolution and low spectral resolution sub-frames. Furthermore, the function-
ality of the first aspect illustrated in Fig. 1, particularly with respect to the calculation of processing
data, can be implemented by means of the processing data calculator 190 and the further spectral
processor 220 illustrated in Fig. 7, and the mixer 400 of the third aspect of the invention can be
implemented, as an alternative to Fig. 9, in such a way that the mixer 400 for calculating the
downmix signal applies the functionality of the converter 300 illustrated in Fig. 1 before performing
the actual time-domain sample-by-sample addition. Thus, all specific embodiments defined in a
dependent claim for one of the three aspects can also be applied to any other aspect of the three
aspects in the definition of the corresponding dependent claim.

Thus, it becomes clear that depending on the implementation, the three aspects can be applied
separately or can be combined to each other either by combining any two of the three aspects or
by combining all three aspecis.
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Subsequently further examples of inventive aspects are given:

1. Downmixer for downmixing a multi-channel signal having at least two channels, compris-

ing:

a weighting value estimator (100) for estimating band-wise weighting values for the at least two
channels;

a spectral weighter (200) for weighting spectral domain representations of the at least two chan-
nels using the band-wise weighting values;

a converter (300) for converting weighted spectral domain representations of the at least two
channels into time representations of the at least two channels; and

a mixer (400) for mixing the time representations of the at least two channels to obtain a downmix

signal.

2. Downmixer of example 1, wherein the weighting value estimator (100) is configured to
calculate a plurality of first band-wise weighting values for a plurality of bands of a first channel of
the at least two channels and to calculate a second plurality of band-wise weighting values for the
plurality of bands of a second channel of the at least two channels, or

wherein the multi-channel signal has more than two channels and wherein the weighting value
estimator (100) is configured to calculate a plurality of first band-wise weighting values for a plu-
rality of bands of a first channel of the more than two channels, to calculate a second plurality of
band-wise weighting values for the plurality of bands of a second channel of the more than two
channels and to calculate a further plurality of band-wise weighting values for the plurality of bands
of a further channel of the more than two channels.

3. Downmixer of example 1 or 2,

wherein the spectral domain representations of the at least two channels each comprise a set of
frequency bins, where spectral values are associated with the frequency bins,
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wherein the weighting value estimator (100) is configured to calculate the band-wise weighting
values for bands, wherein each band comprises one, two or more frequency bins, or

wherein a number of frequency bins per band increases with bands having a higher center fre-

quency.

4. Downmixer of one of the preceding examples,

wherein the weighting value estimator (100) is configured to calculate the band-wise weighting
values based on a target energy value per band, so that an energy in the band of the downmix
signal is in a predetermined relation to energies in the same bands of the at least two channels.

5. Downmixer of one of the preceding examples, further comprising:

a core decoder (500) for decoding an encoded signal, the encoded signal having encoded spec-
tral domain representations of at least two original channels, wherein the core decoder is config-
ured to generate the spectral domain representations from the encoded spectral domain repre-
sentations.

6. Downmixer of the one the preceding examples,

wherein the spectral domain representations are either purely real or purely imaginary,

wherein the weighting value estimator (100) is configured to estimate (120, 122) an imaginary
spectral domain representation when the spectral domain representation is purely real, or to es-
timate a real spectral domain representation when the spectral domain representation is purely
imaginary, and

wherein the weighting value estimator (100) is configured to estimate the band-wise weighting
values using the estimated imaginary spectral domain representation or the estimated real spec-
tral domain representation.

7. Downmixer of one of the preceding examples, wherein the weighting value estimator (100}
is configured to calculate a first weighting value for a band of a first channel of the at least two
channels,
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wherein the weighting value estimator (100) is configured to calculate a second weighting value
for the band of a second channel of the at least two channels, and

wherein the weighting value estimator (100) is configured to calculate the first weighting value
and the second weighting value using an energy of the first channel in the band, an energy of the
second channel in the band, and a mixed term depending on a product or a linear combination of
spectral values from the at least two channels in the band.

8. Downmixer of one of the preceding examples,

wherein the weighting value estimator (100) is configured to calculate, as the mixed term repre-
senting the linear combination, a square root of an energy of spectral values added to each other
in the band from the spectral domain representations of the at least two channels, wherein the
band comprises a plurality of spectral values, or to calculate, as the mixed term representing the
product, an absolute value of a complex dot product between the spectral values in the band of a
first channel and the spectral values in the band of a second channel of the at least two channels.

9. Downmixer of one of the preceding examples,

wherein each band of a first and a second channel of the plurality of at least two channels has a
plurality of spectral values, wherein the spectral weighter (200) is configured to apply the same
weight to each spectral value in the band of one of the at least two channels, and to apply another
weight to each spectral value in the band of another channel of the at least two channels.

10. Downmixer of one of the preceding examples,

wherein the weighted spectral domain representations are MDCT (modified discrete cosine trans-

form) spectra, and

wherein the converter (300) is configured to perform, for each channel of the plurality of channels,
an inverse MDCT transform using a synthesis windowing operation and an overlap-add operation.

11. Downmixer of one of the preceding examples,

wherein the mixer (400) is configured to apply a sample-by-sample addition of the time represen-

tations of the at least two channels, or
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wherein the mixer (400) is configured to apply a sample-by-sample addition of the time represen-
tations of the at least two channels and a scaling operation applied to a result of the sample-by-
sample addition or applied to inputs into the sample-by-sample addition.

12. Downmixer of one of the preceding examples,

wherein the converter (300) is configured to generate (310) raw time representations using a
spectrum-time algorithm, and

to post process (320) the raw time representations individually, in signal processing direction be-
fore the mixing by the mixer (400), using separate control information for the channels to obtain
the time representations.

13. Downmixer of example 12,

wherein the converter (300) is configured to perform, as the post processing (320), a bass post-
filtering, a TCX-LTP (Transform Coded Excitation Long Term Prediction) processing or an LPC
(Linear Prediction Coding) synthesis individually for each time representation.

14, Downmixer of one of the preceding examples,

wherein a first spectral domain representation of a first channel of the at least two channels has
a first time or frequency resolution,

wherein a second spectral domain representation of a second channel of the at least two channels
has a second time or frequency resolution, wherein the second time or frequency resolution is
different from the first time or frequency resolution, and

wherein the weighting value estimator (100) is configured to calculate the band-wise weighting
values so that a frequency resolution of the bands associated with the band-wise weighting values
is lower than the first frequency resolution and the second frequency resolution or is equal to the
lower one of the first and the second frequency resolution.

15. Downmixer of one of the preceding examples,
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wherein the first spectral domain representation has a first plurality of spectral values in a band,

wherein the second spectral domain representation has a second plurality of spectral values in
the band, the second plurality being higher than the first plurality, and

wherein the weighting value estimator (100) is configured

to combine two or more spectral values of the second plurality of spectral values or to select, from
the second plurality of spectral values, a subset of spectral values,

to calculate a mixed term depending on products or linear combinations of spectral values from
the at least two channels in the band using a result of combining the two or more spectral values
or using the subset of spectral values, and

to calculate the band-wise weighting values using the mixed term.

16. Downmixer in accordance with one of the preceding examples,

wherein a first spectral domain representation comprises a plurality of first spectral values repre-
senting a first time bin size and a first frequency bin size,

wherein the second spectral domain representation comprises a plurality of spectral values rep-
resenting a second time bin size and a second frequency bin size,

wherein the first time bin size is greater than the second time bin size, or wherein the first fre-
quency bin size is lower than the second frequency bin size,

wherein the weighting value estimator (100) is configured to combine a plurality of spectral values
from the first spectral domain representation to obtain a first combined spectral domain represen-
tation in which a combined frequency bin size is equal to the second frequency bin size, or to
combine a plurality of spectral values from the second spectral domain representation to obtain a
first combined spectral domain representation in which a combined time bin size is equal to the

first time bin size.

17. Downmixer of example 16,
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wherein the weighting value estimator (100) is configured to use the first combined spectral rep-
resentation or the second combined spectral domain representation for the calculation of the
band-wise weighting values for a first channel and a second channel of the at least two channels,
the calculation comprising a calculation of a mixed term in bands and a calculation of energies in
the bands, and

wherein the spectral weighter (200) is configured to apply the band-wise weighting values for the
first channel of the at least two channels to spectral values of the first spectral domain represen-
tation in corresponding bands and to apply the band-wise weighting values for the second channel
of the at least two channels to spectral values of the second spectral domain representation in
the corresponding bands.

18. Downmixer in accordance with one of the examples 1 to 15,

wherein a first spectral domain representation of a first channel comprises a plurality of first spec-
tral values representing a first time bin size and a first frequency bin size,

wherein a second spectral domain representation of a second channel comprises at least two
subframes, wherein each subframe comprises a plurality of spectral values representing a second
time bin size and a second frequency bin size,

wherein the first time bin size is greater than the second time bin size, or wherein the first fre-
guency bin size is lower than the second frequency bin size,

wherein the weighting value estimator (100) is configured

to combine spectral values belonging to the same frequency bin from each subframe of the sec-
ond spectral domain representation in a first manner to obtain a first group of combined spectral
values, and

to combine spectral values belonging to the same frequency bin from each subframe of the sec-
ond spectral domain representation in a second manner to obtain a second group of combined
spectral values, the second manner being different from the first manner,
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wherein the first group of combined spectral values and the second group of combined spectral
values represent a combined spectral domain representation having the first time bin size and the
first frequency bin size, and

to use the spectral values of the combined spectral domain representation and the first spectral
domain representation for the calculation of the band-wise weighting vaiues.

19. Downmixer in accordance with example 18,

wherein the weighting value estimator (100) is configured to perform one of an addition and a
subtraction in the first manner and the other of the addition and the subtraction in the second

manner.

20. Downmixer in accordance with example 18 or 19, wherein the weighting value estimator
(100) is configured to perform an average function in the first manner and in the second manner.

21. Downmixer in accordance with one of examples 18 to 20, wherein the weighting value
estimator (100) is configured to apply either the first manner or the second manner comprising a
weighting using a weighting sign, wherein the weighting value estimator (100) is configured to set
the weighting sign in accordance with a frequency bin number of the same frequency bin.

21. Downmixer in accordance with one of examples 18 to 21, wherein the weighting value
estimator (100} is configured to apply, as the first manner, one of a high pass filtering and a low
pass filtering, and as the second manner, the other one of a high pass filtering and a low pass
filtering.

22. Downmixer in accordance with one of examples 18 to 22, wherein the weighting value
estimator (100) is configured to transform a lower resolution bin into two higher resolution bins,
wherein the first manner is used for an even bin number of a first higher resolution bin of the two
higher resolution bins and the second manner is used for an odd bin number of a second higher
resolution bin of the two higher resolution bins.

23. Downmixer in accordance with one of examples 18 to 22,

wherein the first spectral domain representation of the first channel comprises a TCX20 frame,
wherein the second spectral domain representation of the second channel comprises two TCX10
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subframes, wherein the weighting value estimator (100) is configured to calculate a combined
TCX20 spectral domain representation from the two TCX10 subframes, or

wherein the first spectral domain representation of the first channel comprises a TCX20 frame,
wherein the second spectral domain representation of the second channel comprises a TCX10
subframe and two TCX5 subframes, wherein the weighting value estimator (100) is configured to
calculate a first combined TCX10 spectral domain representation from the two TCX5 subframes
and to calculate a second combined TCX20 subframe from the first combined TCX10 spectral
domain representation and the TCX10 subframe, or

wherein the first spectral domain representation of the first channel comprises a TCX10 subframe,
wherein the second spectral domain representation of the second channel comprises two TCX5
subframes, and wherein the weighting value estimator (100) is configured to calculate a combined
TCX10 spectral domain representation from the two TCX5 subframes,

wherein the expression TCX20 indicates a first portion with a first time length, wherein the ex-
pression TCX10 indicates a second portion with a second time length, and wherein the expression
TCXS5 indicates a third portion with a third time length, wherein the first time length is longer than
the second time length or the third time length, or wherein the second time length is shorter than
the first time length or longer than the second time length, and wherein the third time length is
shorter than the first time length or shorter than the second time length.

24. Downmixer in accordance with one of examples 18 to 23, wherein the weighting value
estimator (100) is configured to apply the first manner based on the following equation:

MDCTyik0 = 5 (MDCT ey + (—1)'MDCT; ), OF

wherein the weighting value estimator (100) is configured to apply the second manner based on
the following equation:

1 .
MDCTyi41 40 =5 (MDCTj1 — (=1)'MDCT o),
wherein i specifies a spectral bin number and k0 and k1 specify subframes of the second spectral
domain representation of the second channel, and
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wherein MDCT;; o and MDCT,;,, o indicate spectrai values of the combined spectral domain
representation and MDCT;,, and MDCT, ,, indicate spectral values from a second subframe ki

and a first subframe kg, respectively.

25, Downmixer in accordance with example 1,

wherein a first spectral domain representation of a first channel of the at least two channels has
a first time resolution or a first frequency resolution, wherein a second spectral domain represen-
tation of a second channel of the at least two channels has a second time resolution or a second
frequency resolution, wherein the second time resolution is different from the first time resolution
or wherein the second frequency resolution is different from the first frequency resolution, and

wherein the weighting value estimator (100) is configured to convert (132) the first spectral domain
representation into a combined spectral domain representation having the second time resolution
or the second frequency resolution, and fo calcuiate the band-wise weighting values using the
combined spectral domain representation and the second spectral domain representation, or to
convert the second spectral domain representation into a combined spectral domain representa-
tion having the first time resolution or the first frequency resolution, and to caiculate the band-
wise weighting values using the combined spectral domain representation and the first spectral

domain representation, or

wherein a first spectral domain representation of a first channel of the at least two channels has
a first time resolution or a first frequency resolution, wherein a second spectral domain represen-
tation of a second channel of the at least two channels has a second time resolution or a second
frequency resolution, wherein the second time resolution is different from the first time resolution
or wherein the second frequency resolution is different from the first frequency resolution and

wherein the weighting value estimator (100) is configured

to convert (132) the first spectral domain representation into a first combined spectral domain
representation having a third time resolution or a third frequency resolution,

wherein the third time resolution is different from the first time resolution or the second time res-
olution and wherein the third frequency resolution is different from the first frequency resolution
or the second frequency resolution,
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to convert (132) the second spectral domain representation into a second combined spectral do-
main representation having the third time resolution or the third frequency resolution, and

to calculate (134) the band-wise weighting values using the first combined spectral domain rep-
resentation and the second combined spectral domain representation.

26. Downmixer in accordance with example 25,

wherein the second channel comprises, for a specific time portion (TCX20), the second spectral
domain representation,

wherein the first channel comprises, for the specific time portion (2xTCX10), two or more of the
first spectral domain representations,

wherein the weighting value estimator (100) is configured to convert the two or more first spectral
domain representations into the combined spectral domain representation having the same time
and frequency resolution as the second spectral domain representation, and to calculate the
band-wise weighting values using the combined spectral domain representation and the second
spectral domain representation, and

wherein the spectral weighter (200) is configured to weight the second spectral domain represen-
tation using the band-wise weighting values, and to weight each first spectral domain represen-
tation of the two or more first spectral domain representations using the same band-wise
weighting values.

27. Downmixer in accordance with example 26,

wherein the weighting value estimator (100) is configured, for adding spectral values for a same
frequency of the two or more first spectral domain representations to obtain a first spectral value
of the combined spectral domain representation, and for subtracting spectral values for a same
frequency of the two or more first spectral domain representations to obtain a second spectral
value of the combined spectral domain representation being higher and adjacent in frequency to
the first spectral value of the combined spectral domain representation, and
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wherein the spectral weighter (200) is configured to weight a band having same frequencies in
each first spectral domain representation of the two or more first spectral domain representations
using the same band-wise weighting value.

28. Downmixer in accordance with example 25,

wherein the second channel comprises, for a specific time portion (TCX20), the second spectral
domain representation,

wherein the first channel comprises, for the specific time portion (2xTCX10), two or more first
spectral domain representations,

wherein the weighting value estimator (100) is configured

to convert the second spectral domain representation into two or more combined spectral domain
representations having the same time and frequency resolution as the two or more first spectral

domain representations,

to calculate first band-wise weighting values using a first combined spectral domain representa-
tion of the two or more combined spectral domain representations and a first first spectral domain
representation of the two or more first spectral domain representations,

to calculate second band-wise weighting values using a second combined spectral domain rep-
resentation of the two or more combined spectral domain representations and a second first spec-
tral domain representation of the two or more first spectral domain representations, and

wherein the spectral weighter (200) is configured

to weight the second spectral domain representation using derived band-wise weighting values
derived (136) from the first and second band-wise weighting values,

to weight the first first spectral domain representation of the two or more first spectral domain
representations using the first band-wise weighting values and

to weight the second first spectral domain representation of the two or more first spectral domain
representations using the second band-wise weighting values.
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29, Downmixer in accordance with example 28,

wherein the weighting value estimator (100) is configured, for adding spectral values for pairs of
frequencies of the second spectral domain representation to obtain an added spectral value and
for copying to added spectral value to obtain a combined spectral value for each of the two or
more combined spectral domain representations, and

wherein the spectral weighter (200) is configured to combine (136) a weighting value for a specific
band of the first band-wise weighting values with a weighting value for the specific band of the
second band-wise weighting values to obtain a derived weighting value for the specific band of

the derived band-wise weighting values.

30. Downmixer in accordance with example 25,

wherein the second channel comprises, for a specific time portion (TCX20), the second spectral

domain representation,

wherein the first channel comprises, for the specific time portion (2xTCX10), two or more first

spectral domain representations,

wherein the weighting value estimator (100) is configured

to convert the second spectral domain representation into two or more combined spectral domain
representations having the same time resolution as the two or more first spectral domain repre-
sentations, and having the same frequency resolution as the second spectral domain represen-
tation,

to calculate first band-wise weighting values using a first combined spectral domain representa-
tion of the two or more combined spectral domain representations and a first first spectral domain
representation of the two or more first spectral domain representations,

to calculate second band-wise weighting values using a second combined spectral domain rep-
resentation of the two or more combined spectral domain representations and a second first spec-
tral domain representation of the two or more first spectral domain representations, and
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wherein the spectral weighter (200) is configured

to weight the second spectral domain representation using band-wise weighting values derived
(136) from the first and second band-wise weighting values,

to weight the first first spectral domain representation of the two or more first spectral domain
representations using the first band-wise weighting values, and

to weight the second first spectral domain representation of the two or more first spectral domain
representations using the second band-wise weighting values.

31. Downmixer in accordance with example 30,

wherein the weighting value estimator (100} is configured for upsampling one or more spectral
values to obtain a upsampled spectral values for adjacent frequencies of the second spectral
domain representation and for copying to upsampled spectral values to obtain combined spectral
values for each of the two or more combined spectral domain representations, and

wherein the spectral weighter (200) is configured to combine (136) a weighting value for a specific
band of the first band-wise weighting values with a weighting value for the specific band of the
second band-wise weighting values to obtain a derived weighting value for the specific band of
the derived band-wise weighting values.

32. Downmixer in accordance with example 25,

wherein the second channel comprises, for a specific time portion (TCX20), the second spectral
domain representation,

wherein the first channel comprises, for the specific time portion (2xTCX10), two or more of the
first spectral domain representations,

wherein the weighting value estimator (100) is configured
to convert the two or more first spectral domain representations into the first combined spectral

domain representation having the same time resolution as the second spectral domain represen-
tation,
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to convert the second spectral domain representations into the second combined spectral domain
representation having the same frequency resolution as the two or more first spectral domain
representation, and

to calculate the band-wise weighting values using the first combined spectral domain representa-
tion and the second combined spectral domain representation, and

wherein the spectral weighter (200) is configured to weight the second spectral domain represen-
tation using the band-wise weighting values, and to weight each first spectral domain represen-
tation of the two or more first spectral domain representations using the same band-wise

weighting values.

33. Downmixer in accordance with example 32,

wherein the weighting value estimator (100) is configured for adding spectral values for pairs of
frequencies of the second spectral domain representation to obtain the second combined spectral
domain representation, and for adding spectral values of the same frequency of the two or more
of the first spectral domain representations to obtain the first combined spectral domain represen-

tation, and

wherein the spectral weighter (200} is configured to weight a band having same frequencies in
each first spectral domain representation of the two or more first spectral domain representations
using the same band-wise weighting value.

34. Downmixer in accordance with one of the preceding examples,

wherein the weighting value estimator (100) is configured to calculate a plurality of first band-wise
weighting values for a plurality of bands of a first channel of the at least two channels using a first
calculation rule depending on at least two of spectral values of a first spectral domain represen-
tation of the first channel, spectral values of a second spectral domain representation of the sec-
ond channel, spectral values of a single combined spectral domain representation derived from
the spectral values of the first spectral domain representation or the second spectral domain rep-
resentation, spectral values of a first combined spectral domain representation derived from the
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spectral values of the first spectral domain representation, and spectral values of a second com-
bined spectral domain representation derived from the spectral values of the second spectral
domain representation, and

wherein the weighting value estimator (100) is configured to calculate a plurality of second band-
wise weighting values for a plurality of bands of the first channel of the at least two channels using
a second calculation rule depending on at least two of the plurality of first band-wise weighting
values, the spectral values of the first spectral domain representation of the first channel, the
spectral values of the second spectral domain representation of the second channel, the spectral
values of the single combined spectral domain representation derived from the spectral values of
the first spectral domain representation or the second spectral domain representation, the spectral
values of a first combined spectral domain representation derived from the spectral values of the
first spectral domain representation, and the spectral values of a second combined spectral do-
main representation derived from the spectral values of the second spectral domain representa-
tion, wherein the second calculation rule is different from the first calculation rule.

35. Apparatus for converting a spectral resolution of a spectral domain representation of a
channel comprising at least two subframes, wherein each subframe comprises a plurality of spec-
tral values representing a time bin size and a frequency bin size, comprising:

a spectral value calculator (160) for combining (170) spectral values belonging to the same fre-
quency bin from each subframe of the spectral domain representation in a first manner to obtain
a first group of combined spectral values, and for combining (180) spectral values belonging to
the same frequency bin from each subframe of the spectral domain representation in a second
manner to obtain a second group of combined spectral values, the second manner being different
from the first manner, wherein the first group of combined spectral values and the second group
of combined spectral values represent a combined spectral domain representation having a dif-
ferent time bin size and a different frequency bin size.

36. Apparatus in accordance with example 35,
wherein the spectral value calculator (160) is configured to perform one of an addition and a

subtraction in the first manner and the other of the addition and the subtraction in the second

manner,
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37. Apparatus in accordance with example 35 or 36, wherein the spectral value calculator
(160) is configured to perform an average function in the first manner and in the second manner.

38. Apparatus in accordance with one of examples 35 to 37, wherein the spectral value cal-
culator (160) is configured to apply either the first manner or the second manner comprising a
weighting using a weighting sign, wherein the spectral value calculator (160) is configured to set
the weighting sign in accordance with a frequency bin number of the same frequency bin.

39. Apparatus in accordance with one of examples 35 to 38, wherein the spectral value cal-
culator (160) is configured to apply, as the first manner, one of a high pass filtering and a low pass
filtering, and as the second manner, the other one of a high pass filtering and a low pass filtering.

40. Apparatus in accordance with one of examples 35 to 39, wherein the spectral value cal-
culator (160) is configured to transform a lower resolution bin into two higher resolution bins
wherein the first manner is used for an even bin number and the second manner is used for an
odd bin number.

41. Apparatus in accordance with one of examples 35 to 40,

wherein the first spectral domain representation of the first channel comprises a TCX20 frame,
wherein the spectral domain representation of the channel comprises two TCX10 subframes,
wherein the spectral value calculator is configured to calculate a combined TCX20 spectral do-
main representation from the two TCX10 subframes, or

wherein the first spectral domain representation of the first channel comprises a TCX20 frame,
wherein the spectral domain representation of the channel comprises a TCX10 subframe and two
TCX5 subframes, wherein the spectral value calculator (160) is configured to calculate a first
combined TCX10 spectral domain representation from the two TCX5 subframes and to calculate
a second combined TCX20 subframe from the first combined TCX10 spectral domain represen-
tation and the TCX10 subframe, or

wherein the first spectral domain representation of the first channel comprises a TCX10 subframe,
wherein the spectral domain representation of the channel comprises two TCX5 subframes, and
wherein the spectral value calculator (160) is configured to calculate a combined TCX10 spectral
domain representation from the two TCX5 subframes,
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wherein the expression TCX20 indicates a first portion with a first time length, wherein the ex-
pression TCX10 indicates a second portion with a second time length, and wherein the expression
TCX5 indicates a third portion with a third time length, wherein the first time length is longer than
the second time length or the third time length, or wherein the second time length is shorter than
the first time length or longer than the second time length, and wherein the third time length is
shorter than the first time length or shorter than the second time iength.

42, Apparatus in accordance with one of examples 35 to 41, wherein the spectral value cal-
culator (160) is configured to apply the first manner based on the following equation:

MDCTyi o =5 (MDCT; 1 + (=1)'MDCT ), OF

wherein the spectral value calculator is configured to apply the second manner based on the
following equation:

1 .
MDCTy4140 = 5 (MDCT gy = (—=1)'MDCT; ),
wherein i specifies a spectral bin number and k0 and k1 subframes of the spectral domain rep-
resentation of the channel, and

wherein MDCT; 0 and MDCT,;,q ko indicate spectral values of the combined spectral domain
representation and MDCT;,, and MDCT;,, indicate spectral values from a second subframe ki

and a first subframe ko, respectively.

43, Apparatus in accordance with one of examples 35 to42, further comprising a signal calcu-
lator (500, 190, 220) for using the combined spectral domain representation having a different
time bin size and a different frequency bin size in a calculation of an encoded or decoded or
processed audio signal.

44. Apparatus in accordance with any one of examples 35 to 43, wherein the spectral value
calculator (160) is configured to receive the spectral domain representation with a first spectral
resolution and to generate a converted spectral domain representation with a second spectral
resolution being different from the first spectral resolution,

wherein the apparatus further comprises:
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a first spectral processor (500) for processing the converted spectral domain representation to
obtain a processed spectral domain representation with the second resolution, or

a processing data calculator (190) for calculating processing data from the converted spectral
domain representation, and a second spectral processor (220) for processing the spectral domain
representation to obtain a processed spectral domain representation with the first resolution.

45, Apparatus in accordance with example 44, wherein the first spectral processor (500) is
configured to use, in the processing, a further spectral domain representation having the second

speciral resolution, or

wherein the second spectral processor (220) is configured to use, in the processing, a further
spectral domain representation having the first spectral resolution.

46. Downmixer for downmixing a multi-channel signal having at least two channels, compris-

ing:

a weighting value estimator (100) for estimating band-wise weighting values for the at least two
channels, wherein the weighting value estimator (100) is configured to calculate the band-wise
weighting values based on a target energy value per band, so that an energy in the band of a
downmix signal is in a predetermined relation to energies in the same bands of the at least two
channels;

a spectral weighter (200) for weighting spectral domain representations of the at least two chan-
nels using the band-wise weighting values to obtain weighted spectral domain representations;

and

a mixer (400) for calculating the downmix signal using the weighted spectral domain representa-
tions of the at least two channels.

47. Downmixer of the example 46,

wherein the spectral domain representations are either purely real or purely imaginary,

wherein the weighting value estimator (100) is configured to estimate (140) an imaginary spectral
domain representation when the spectral domain representation is purely real, or to estimate
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(140) a real spectral domain representation when the spectral domain representation is purely

imaginary, and

wherein the weighting value estimator (100) is configured to estimate the band-wise weighting
values using the estimated imaginary spectral domain representation or the estimated real spec-
tral domain representation.

48, Downmixer of one of the examples 46 or 47, wherein the weighting value estimator (100)
is configured to calculate a first weighting value for a band of a first channel of the at least two
channels, to calculate a second weighting value for the band of a second channel of the at least
two channels, and to calculate the first weighting value and the second weighting value using
(142) an energy of the first channel in the band, an energy of the second channel in the band,
and a mixed term depending on a product (148) or a linear combination (146) of spectral values
from the at least two channels in the band.

49, Downmixer of one of the examples 46 to 48,

wherein the weighting value estimator (100) is configured to calculate, as the mixed term repre-
senting the linear combination (146), a square root of an energy of spectral values added to each
other in the band from the spectral domain representations of the at least two channels, wherein
the band comprises a plurality of spectral values, or to calculate, as the mixed term representing
the product (148), an absolute value of a complex dot product between the spectral values in the
band of a first channel and the spectral values in the band of a second channel of the at least two
channels.

50. Downmixer of one of the examples 46 to 49,

wherein each band of a first and a second channel of the at least two channels has a plurality of
spectral values, wherein the spectral weighter (200) is configured to apply the same weight to
each spectral value in the band of one of the at least two channels, and to apply another weight
to each spectral value in the band of another channel of the at least two channels.

51. Downmixer of one of the examples 46 to 50, wherein the weighting value estimator (100)
is configured to calculate (150) the band-wise weighting values for a first channel of the at least
two channels based on the following equation:
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1 JILIZ +RIZ + 2[(L,R)|
W prd
R=902 IL] +|R|

wherein wg is a weighting factor for the first channel for a band, wherein |L|? is an estimated
power for the second channel, wherein |R|? is an estimated power for the first channel in the band,
wherein 2|(L, R)| is an estimated dot product between the channels in the band, wherein |L| is
an estimated amplitude for the second channel in the band, wherein |R| is an estimated ampli-
tude for the first channel in the band.

52. Downmixer of example 51, wherein the weighting value estimator (100) is configured to
calculate (152) the band-wise weighting values for a second channel of the at least two channels
based on the following equation:

+1 IL + R|
W, =w —
LR L]+ |R]

wherein w is a weighting factor for the second channel for the band, and wherein |L + R| is an
estimated linear combination of the estimated amplitudes for the first channel and the second
channel in the band.

53. Downmixer of one of examples 50 to 52, wherein the weighting value estimator (100) is
configured to calculate (144) the estimated amplitude for the second channel in the band, and to
calculate the estimated amplitude for the first channel in the band based on the following equa-
tions:

IL| = A\/Ziin »(MDCT; > + MDST;}*) , |R| = JEiinb(MDCTi,rz + MDST;,*), or

wherein the weighting value estimator (100) is configured to calculate (146) the estimated linear
combination of the estimated amplitudes for the first channel and the second channel in the band
based on the following equation:
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IL+R| = \/lLlZ +|RIZ + 2(Z; in »(MDCT; ,MDCT; . + MDSTLIMDSTLT))Z, or

wherein the weighting value estimator (100) is configured to calculate (148) the estimated dot
product between the channels in the band based on the following equation:

KL, R)| =
J (%iin b(MDCT; MDCT; . + MDSTMMDSTL,,))Z + (Ziin p(MDST; MDCT;, — MDCTLZMDSTL?,))Z, or

wherein the weighting value estimator (100) is configured to calculate (142) the estimated power
for the second channel in the band or the estimated power for the first channel in the band based
on the following equation:

LI =) (MDCT,* + MDST,/?),  IRI?= " (MDCT,? + MDST,,?)

iinb iinh

wherein i specifies the bin number inside spectral band b, and wherein MDST; represents an
estimated imaginary part of an MDCT bin i, wherein MDCT; represents the real part of the MDCT
bin i included in the spectral domain representation of the first or the second channel, wherein r
represents the first channel, and wherein | represents the second channel.

54. Downmixer of one of the examples 46 to 53,

wherein a first spectral domain representation of a first channel of the at least two channels has
a first time resolution or a first frequency resolution, wherein a second spectral domain represen-
tation of a second channel of the at least two channels has a second time resolution or a second
frequency resolution, wherein the second time resolution is different from the first time resolution
and wherein the second frequency resolution is different from the first frequency resolution (130),
and

wherein the weighting value estimator (100) is configured to convert (132) the first spectral domain
representation into a combined spectral domain representation having the second time resolution
or the second frequency resolution, and to calculate the band-wise weighting values (134) using
the combined spectral domain representation and the second spectral domain representation, or
to convert (132) the second spectral domain representation into a combined spectral domain rep-
resentation having the first time resolution or the first frequency resolution, and to calculate (134)
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the band-wise weighting values using the combined spectral domain representation and the first

spectral domain representation, or

wherein a first spectral domain representation of a first channel of the at least two channels has
a first time resolution or a first frequency resolution, wherein a second spectral domain represen-
tation of a second channel of the at least two channels has a second time resolution or a second
frequency resolution, wherein the second time resolution is different from the first time resolution
and wherein the second frequency resolution is different from the first frequency resolution (130),

and

wherein the weighting value estimator (100) is configured

to convert (132) the first spectral domain representation into a first combined spectral domain

representation having a third time resolution or a third frequency resolution,

wherein the third time resolution is different from the first time resolution or the second time res-
olution and wherein the third frequency resolution is different from the first frequency resolution

or the second frequency resolution,

to convert (132) the second spectral domain representation into a second combined spectral do-
main representation having the third time resolution or the third frequency resolution, and

to calculate (134) the band-wise weighting values using the first combined spectral domain rep-
resentation and the second combined spectral domain representation.

55. Downmixer of example 54, wherein the spectral weighter (200) is configured for weighting,
as the spectral domain representations of the at least two channels, one of the combined spectral
domain representation and the second spectral domain representation, the combined spectral
domain representation and the first spectral domain representation, and the first combined spec-
tral domain representation and the second combined spectral domain representation to obtain a
first weighted spectral domain representation and a second weighted spectral domain represen-

tation.

56. Downmixer of example 55, wherein the mixer (400) is configured for adding the first and
second weighted spectral domain representations to obtain a spectral domain downmix represen-
tation and for converting the spectral domain downmix representation in the time domain to obtain
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the downmix signal or for converting the first and second weighted spectral domain representa-
tions into the time domain to obtain time representations of the at least two channels and for
adding the time representations of the at least two channels to obtain the downmix signal.

57. Method for downmixing a multi-channel signal having at least two channels, comprising:

estimating band-wise weighting values for the at least two channels;

weighting spectral domain representations of the at least two channels using the band-wise
weighting values;

converting weighted spectral domain representations of the at least two channels into time repre-
sentations of the at least two channels; and

mixing the time representations of the at least two channels to obtain a downmix signal.

58. Method for converting a spectral resolution of a spectral domain representation of a chan-
nel comprising at least two subframes, wherein each subframe comprises a plurality of spectral
values representing a time bin size and a frequency bin size, comprising:

combining spectral values belonging o the same frequency bin from each subframe of the spec-
tral domain representation in a first manner to obtain a first group of combined spectral values;
and

combining spectral values belonging to the same frequency bin from each subframe of the spec-
tral domain representation in a second manner to obtain a second group of combined spectral
values, the second manner being different from the first manner, wherein the first group of com-
bined spectral values and the second group of combined spectral values represent a combined
spectral domain representation having a different time bin size and a different frequency bin size.

58. Method of downmixing a multi-channel signal having at least two channels, comprising:

estimating band-wise weighting values for the at least two channels, comprising calculating the
band-wise weighting values based on a target energy value per band, so that an energy in the
band of a downmix signal is in a predetermined relation to energies in the same bands of the at

least two channels;
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weighting spectral domain representations of the at least two channels using the band-wise
weighting values to obtain weighted spectral domain representations; and

calculating the downmix signal using the weighted spectral domain representations of the at least

two channels.

60. Computer program for performing, when running a computer or processor, the method of
example 57 or 58 or 58.

It is to be mentioned here that all alternatives or aspects as discussed before and all aspects as
defined by independent claims in the following claims can be used individually, i.e., without any
other alternative or object than the contemplated alternative, object or independent claim. How-
ever, in other embodiments, two or more of the alternatives or the aspects or the independent
claims can be combined with each other and, in other embodiments, all aspects, or alternatives
and all independent claims can be combined to each other.

An inventively encoded audio signal can be stored on a digital storage medium or a non-transitory
storage medium or can be transmitted on a transmission medium such as a wireless transmission
medium or a wired transmission medium such as the Internet.

Although some aspects have been described in the context of an apparatus, it is clear that these
aspects also represent a description of the corresponding method, where a block or device cor-
responds to a method step or a feature of a method step. Analogously, aspects described in the
context of a method step also represent a description of a corresponding block or item or feature
of a corresponding apparatus.

Depending on certain implementation requirements, embodiments of the invention can be imple-
mented in hardware or in software. The implementation can be performed using a digital storage
medium, for example a floppy disk, a DVD, a CD, a ROM, a PROM, an EPROM, an EEPROM or
a FLASH memory, having electronically readable control signals stored thereon, which cooperate
(or are capable of cooperating) with a programmable computer system such that the respective
method is performed.
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Some embodiments according to the invention comprise a data carrier having electronically read-
able control signals, which are capable of cooperating with a programmable computer system,
such that one of the methods described herein is performed.

Generally, embodiments of the present invention can be implemented as a computer program
product with a program code, the program code being o’perative for performing one of the methods
when the computer program product runs on a computer. The program code may for example be

stored on a machine readable carrier.

Other embodiments comprise the computer program for performing one of the methods described
herein, stored on a machine readable carrier or a non-transitory storage medium.

In other words, an embodiment of the inventive method is, therefore, a computer program having
a program code for performing one of the methods described herein, when the computer program

runs on a computer.

A further embodiment of the inventive methods is, therefore, a data carrier (or a digital storage
medium, or a computer-readable medium) comprising, recorded thereon, the computer program
for performing one of the methods described herein.

A further embodiment of the inventive method is, therefore, a data stream or a sequence of signals
representing the computer program for performing one of the methods described herein. The data
stream or the sequence of signals may for example be configured to be transferred via a data

communication connection, for example via the internet.

A further embodiment comprises a processing means, for example a computer, or a programma-
ble logic device, configured to or adapted to perform one of the methods described herein.

A further embodiment comprises a computer having installed thereon the computer program for
performing one of the methods described herein.

In some embodiments, a programmable logic device (for example a field programmable gate ar-
ray) may be used to perform some or all of the functionalities of the methods described herein. In
some embodiments, a field programmable gate array may cooperate with a microprocessor in
order to perform one of the methods described herein. Generally, the methods are preferably

performed by any hardware apparatus.
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The above described embodiments are merely illustrative for the principles of the present inven-
tion. It is understood that modifications and variations of the arrangements and the details de-
scribed herein will be apparent to others skilled in the art. It is the intent, therefore, to be limited
only by the scope of the impending patent claims and not by the specific details presented by way
of description and explanation of the embodiments herein.
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Claims

1. Downmixer for downmixing a multi-channel signal having at least two channels, wherein
the multi-channel signal is a multi-channel audio signal, comprising:

a weighting value estimator for estimating band-wise weighting values for the at least two chan-
nels;

a spectral weighter for weighting spectral domain representations of the at least two channels
using the band-wise weighting values, wherein each band of a first and a second channel of the
plurality of at least two channels has a plurality of spectral values, and wherein the spectral
weighter is configured to apply a same weight to each spectral value in the band of one of the at
least two channels, and to apply another weight to each spectral value in the band of another
channel of the at least two channels;

a converter for converting weighted spectral domain representations of the at least two channels
into time representations of the at least two channels; and

a mixer for mixing the time representations of the at least two channels to obtain a downmix signal.

2. Downmixer of claim 1, wherein the weighting value estimator is configured to calculate a
plurality of first band-wise weighting values for a plurality of bands of a first channel of the at least
two channels and to calculate a second plurality of band-wise weighting values for the plurality of
bands of a second channel of the at least two channels, or

wherein the multi-channel signal has more than two channels and wherein the weighting value
estimator is configured to calculate a plurality of first band-wise weighting values for a plurality of
bands of a first channel of the more than two channels, to calculate a second plurality of band-
wise weighting values for the plurality of bands of a second channel of the more than two channels
and to calculate a further plurality of band-wise weighting values for the plurality of bands of a
further channel of the more than two channels.

3. Downmixer of claim 1 or 2,

wherein the spectral domain representations of the at least two channels each comprise a set of
frequency bins, where spectral values are associated with the frequency bins,
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wherein the weighting value estimator is configured to calculate the band-wise weighting values
for bands, wherein each band comprises one, two or more frequency bins, or

wherein a number of frequency bins per band increases with bands having a higher center fre-
quency.

4. Downmixer of one of the preceding claims,

wherein the weighting value estimator is configured to calculate the band-wise weighting values
based on a target energy value per band, so that an energy in the band of the downmix signal is
in a predetermined relation to energies in the same bands of the at least two channels.

5. Downmixer of one of the preceding claims, further comprising:

a core decoder for decoding an encoded signal, the encoded signal having encoded spectral
domain representations of at least two original channels, wherein the core decoder is configured
to generate the spectral domain representations from the encoded spectral domain representa-
tions.

6. Downmixer of the one the preceding claims,

wherein the spectral domain representations are either purely real or purely imaginary,

wherein the weighting value estimator is configured to estimate an imaginary spectral domain
representation when the spectral domain representation is purely real, or to estimate a real spec-
tral domain representation when the spectral domain representation is purely imaginary, and
wherein the weighting value estimator is configured to estimate the band-wise weighting values
using the estimated imaginary spectral domain representation or the estimated real spectral do-

main representation.

7. Downmixer of one of the preceding claims, wherein the weighting value estimator is con-
figured to calculate a first weighting value for a band of a first channel of the at least two channels,
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wherein the weighting value estimator is configured to calculate a second weighting value for the
band of a second channel of the at least two channels, and

wherein the weighting value estimator is configured to calculate the first weighting value and the
second weighting value using an energy of the first channel in the band, an energy of the second
channel in the band, and a mixed term depending on a product or a linear combination of spectral
values from the at least two channels in the band.

8. Downmixer of claim 7,

wherein the weighting value estimator is configured to calculate, as the mixed term depending on
the linear combination, a square root of an energy of spectral values added to each other in the
band from the spectral domain representations of the at least two channels, wherein the band
comprises a plurality of spectral values, or to calculate, as the mixed term depending on the prod-
uct, an absolute value of a complex dot product between the spectral values in the band of the
first channel and the spectral values in the band of the second channel of the at least two chan-
nels.

9. Downmixer of one of the preceding claims,

wherein the weighted spectral domain representations are MDCT (modified discrete cosine trans-
form) spectra, and

wherein the converter is configured to perform, for each channel of the plurality of channels, an
inverse MDCT transform using a synthesis windowing operation and an overlap-add operation.

10. Downmixer of one of the preceding claims,

wherein the mixer is configured to apply a sample-by-sample addition of the time representations
of the at least two channels, or

wherein the mixer is configured to apply a sample-by-sample addition of the time representations
of the at least two channels and a scaling operation applied to a result of the sample-by-sample

addition or applied to inputs into the sample-by-sample addition.

11. Downmixer of one of the preceding claims,
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wherein the converter is configured to generate raw time representations using a spectrum-time
algorithm, and

to post process the raw time representations individually, in signal processing direction before the
mixing by the mixer, using separate control information for the channels to obtain the time repre-
sentations.

12. Downmixer of claim 11,

wherein the converter is configured to perform, as the post processing, a bass post-filtering, a
TCX-LTP (Transform Coded Excitation Long Term Prediction) processing or an LPC (Linear Pre-
diction Coding) synthesis individually for each time representation.

13. Downmixer of one of the preceding claims,

wherein a first spectral domain representation of a first channel of the at least two channels has
a first time or frequency resolution,

wherein a second spectral domain representation of a second channel of the at least two channels
has a second time or frequency resolution, wherein the second time or frequency resolution is
different from the first time or frequency resolution, and

wherein the weighting value estimator is configured to calculate the band-wise weighting values
so that a frequency resolution of the bands associated with the band-wise weighting values is
lower than the first frequency resolution and the second frequency resolution or is equal to the
lower one of the first and the second frequency resolution.

14. Downmixer of one of the preceding claims,

wherein the first spectral domain representation has a first plurality of spectral values in a band,

wherein the second spectral domain representation has a second plurality of spectral values in
the band, the second plurality being higher than the first plurality, and

wherein the weighting value estimator is configured
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to combine two or more spectral values of the second plurality of spectral values or to select, from
the second plurality of spectral values, a subset of spectral values,

to calculate a mixed term depending on products or linear combinations of spectral values from
the at least two channels in the band using a result of combining the two or more spectral values
or using the subset of spectral values, and

to calculate the band-wise weighting values using the mixed term.

15. Downmixer in accordance with one of the preceding claims,

wherein a first spectral domain representation comprises a plurality of first spectral values repre-
senting a first time bin size and a first frequency bin size,

wherein the second spectral domain representation comprises a plurality of spectral values rep-
resenting a second time bin size and a second frequency bin size,

wherein the first time bin size is greater than the second time bin size, or wherein the first fre-
quency bin size is lower than the second frequency bin size,

wherein the weighting value estimator is configured to combine a plurality of spectral values from
the first spectral domain representation to obtain a first combined spectral domain representation
in which a combined frequency bin size is equal to the second frequency bin size, or to combine
a plurality of spectral values from the second spectral domain representation to obtain a first
combined spectral domain representation in which a combined time bin size is equal to the first
time bin size.

16. Downmixer of claim 15,

wherein the weighting value estimator is configured to use the first combined spectral domain
representation or the second combined spectral domain representation for the estimating the
band-wise weighting values for a first channel of the at least two channels and a second channel
of the at least two channels, the estimating comprising a calculation of a mixed term in bands and
a calculation of energies in the bands, and
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wherein the spectral weighter is configured to apply the band-wise weighting values for the first
channel of the at least two channels to spectral values of the first spectral domain representation
in corresponding bands and to apply the band-wise weighting values for the second channel of
the at least two channels to spectral values of the second spectral domain representation in the
corresponding bands.

17. Downmixer in accordance with one of the claims 1 to 14,

wherein a first spectral domain representation of a first channel comprises a plurality of first spec-
tral values representing a first time bin size and a first frequency bin size,

wherein a second spectral domain representation of a second channel comprises at least two
subframes, wherein each subframe comprises a plurality of spectral values representing a second
time bin size and a second frequency bin size,

wherein the first time bin size is greater than the second time bin size, or wherein the first fre-
quency bin size is lower than the second frequency bin size,

wherein the weighting value estimator is configured

to combine spectral values belonging to the same frequency bin from each subframe of the
second spectral domain representation in a first manner to obtain a first group of combined
spectral values, and

to combine spectral values belonging to the same frequency bin from each subframe of the
second spectral domain representation in a second manner to obtain a second group of
combined spectral values, the second manner being different from the first manner,

wherein the first group of combined spectral values and the second group of combined
spectral values represent a combined spectral domain representation having the first time

bin size and the first frequency bin size, and

to use the spectral values of the combined spectral domain representation and the first
spectral domain representation for the estimating the band-wise weighting values.

18. Downmixer in accordance with claim 17,
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wherein the weighting value estimator is configured to perform one of an addition and a subtrac-
tion in the first manner and the other of the addition and the subtraction in the second manner.

19. Downmixer in accordance with claim 17 or 18, wherein the weighting value estimator is
configured to perform an average function in the first manner and in the second manner.

20. Downmixer in accordance with one of claims 17 to 19, wherein the weighting value esti-
mator is configured to apply either the first manner or the second manner comprising a weighting
using a weighting sign, wherein the weighting value estimator is configured to set the weighting
sign in accordance with a frequency bin number of the same frequency bin.

21. Downmixer in accordance with one of claims 17 to 20, wherein the weighting value esti-
mator is configured to apply, as the first manner, one of a high pass filtering and a low pass
filtering, and as the second manner, the other one of a high pass filtering and a low pass filtering.

22. Downmixer in accordance with one of claims 17 to 21, wherein the weighting value esti-
mator is configured to transform a lower resolution bin into two higher resolution bins, wherein the
first manner is used for an even bin number of a first higher resolution bin of the two higher reso-
lution bins and the second manner is used for an odd bin number of a second higher resolution
bin of the two higher resolution bins.

23. Downmixer in accordance with one of claims 17 to 22,

wherein the first spectral domain representation of the first channel comprises a TCX20 frame,
wherein the second spectral domain representation of the second channel comprises two TCX10
subframes, wherein the weighting value estimator is configured to calculate a combined TCX20
spectral domain representation from the two TCX10 subframes, or

wherein the first spectral domain representation of the first channel comprises a TCX20 frame,
wherein the second spectral domain representation of the second channel comprises a TCX10
subframe and two TCX5 subframes, wherein the weighting value estimator is configured to cal-
culate a first combined TCX10 spectral domain representation from the two TCX5 subframes and
to calculate a second combined TCX20 subframe from the first combined TCX10 spectral domain
representation and the TCX10 subframe, or
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wherein the first spectral domain representation of the first channel comprises a TCX10 subframe,
wherein the second spectral domain representation of the second channel comprises two TCX5
subframes, and wherein the weighting value estimator is configured to calculate a combined
TCX10 spectral domain representation from the two TCX5 subframes,

wherein the expression TCX20 indicates a first portion with a first time length, wherein the ex-
pression TCX10 indicates a second portion with a second time length, and wherein the expression
TCX5 indicates a third portion with a third time length, wherein the first time length is longer than
the second time length or the third time length, or wherein the second time length is shorter than
the first time length or longer than the second time length, and wherein the third time length is
shorter than the first time length or shorter than the second time length.

24. Downmixer in accordance with one of claims 17 to 23, wherein the weighting value esti-
mator is configured to apply the first manner based on the following equation:

MDCTyi50 = 5 (MDCTy g1 + (=1)'MDCTy o), OF

wherein the weighting value estimator is configured to apply the second manner based on the
following equation:

1 .
MDCTyi41,k0 = E(MDCTi,kl - (‘DLMDCTi,ko),
wherein i specifies a spectral bin number and k0 and k1 specify subframes of the second spectral
domain representation of the second channel, and

wherein MDCT5; o and MDCT,;41 ko indicate spectral values of the combined spectral domain
representation and MDCT;,,; and MDCT;y, indicate spectral values from a second subframe ki
and a first subframe ko, respectively.

25. Downmixer in accordance with claim 1,

wherein a first spectral domain representation of a first channel of the at least two channels has
a first time resolution or a first frequency resolution, wherein a second spectral domain represen-
tation of a second channel of the at least two channels has a second time resolution or a second
frequency resolution, wherein the second time resolution is different from the first time resolution
or wherein the second frequency resolution is different from the first frequency resolution, and
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wherein the weighting value estimator is configured to convert the first spectral domain represen-
tation into a combined spectral domain representation having the second time resolution or the
second frequency resolution, and to calculate the band-wise weighting values using the combined
spectral domain representation and the second spectral domain representation, or to convert the
second spectral domain representation into a combined spectral domain representation having
the first time resolution or the first frequency resolution, and to calculate the band-wise weighting
values using the combined spectral domain representation and the first spectral domain repre-
sentation, or

wherein a first spectral domain representation of a first channel of the at least two channels has
a first time resolution or a first frequency resolution, wherein a second spectral domain represen-
tation of a second channel of the at least two channels has a second time resolution or a second
frequency resolution, wherein the second time resolution is different from the first time resolution
or wherein the second frequency resolution is different from the first frequency resolution and

wherein the weighting value estimator is configured

to convert the first spectral domain representation into a first combined spectral domain
representation having a third time resolution or a third frequency resolution,

wherein the third time resolution is different from the first time resolution or the second
time resolution and wherein the third frequency resolution is different from the first fre-
quency resolution or the second frequency resolution,

to convert the second spectral domain representation into a second combined spectral
domain representation having the third time resolution or the third frequency resolution,

and

to calculate the band-wise weighting values using the first combined spectral domain
representation and the second combined spectral domain representation.

26. Downmixer in accordance with claim 25,

wherein the second channel comprises, for a specific time portion (TCX20), the second spectral
domain representation,
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wherein the first channel comprises, for the specific time portion (2xTCX10), two or more of the
first spectral domain representations,

wherein the weighting value estimator is configured to convert the two or more first spectral do-
main representations into the combined spectral domain representation having the same time
and frequency resolution as the second spectral domain representation, and to calculate the
band-wise weighting values using the combined spectral domain representation and the second
spectral domain representation, and

wherein the spectral weighter is configured to weight the second spectral domain representation
using the band-wise weighting values, and to weight each first spectral domain representation of
the two or more first spectral domain representations using the same band-wise weighting values.

27. Downmixer in accordance with claim 26,

wherein the weighting value estimator is configured, for adding spectral values for a same fre-
quency of the two or more first spectral domain representations to obtain a first spectral value of
the combined spectral domain representation, and for subtracting spectral values for a same fre-
quency of the two or more first spectral domain representations to obtain a second spectral value
of the combined spectral domain representation being higher and adjacent in frequency to the
first spectral value of the combined spectral domain representation, and

wherein the spectral weighter is configured to weight a band having same frequencies in each
first spectral domain representation of the two or more first spectral domain representations using
the same band-wise weighting value.

28. Downmixer in accordance with claim 25,

wherein the second channel comprises, for a specific time portion (TCX20), the second spectral
domain representation,

wherein the first channel comprises, for the specific time portion (2xTCX10), two or more first
spectral domain representations,

wherein the weighting value estimator is configured
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to convert the second spectral domain representation into two or more combined spectral
domain representations having the same time and frequency resolution as the two or
more first spectral domain representations,

to calculate first band-wise weighting values using a first combined spectral domain rep-
resentation of the two or more combined spectral domain representations and a first first
spectral domain representation of the two or more first spectral domain representations,

to calculate second band-wise weighting values using a second combined spectral do-
main representation of the two or more combined spectral domain representations and
a second first spectral domain representation of the two or more first spectral domain
representations, and

wherein the spectral weighter is configured

to weight the second spectral domain representation using derived band-wise weighting
values derived from the first and second band-wise weighting values,

to weight the first first spectral domain representation of the two or more first spectral
domain representations using the first band-wise weighting values and

to weight the second first spectral domain representation of the two or more first spectral
domain representations using the second band-wise weighting values.

29. Downmixer in accordance with claim 28,

wherein the weighting value estimator is configured, for adding spectral values for pairs of fre-
quencies of the second spectral domain representation to obtain an added spectral value and for
copying to added spectral value to obtain a combined spectral value for each of the two or more
combined spectral domain representations, and

wherein the spectral weighter is configured to combine a weighting value for a specific band of
the first band-wise weighting values with a weighting value for the specific band of the second
band-wise weighting values to obtain a derived weighting value for the specific band of the derived
band-wise weighting values.
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30. Downmixer in accordance with claim 25,

wherein the second channel comprises, for a specific time portion (TCX20), the second spectral
domain representation,

wherein the first channel comprises, for the specific time portion (2xTCX10), two or more first
spectral domain representations,

wherein the weighting value estimator is configured

to convert the second spectral domain representation into two or more combined spectral
domain representations having the same time resolution as the two or more first spectral
domain representations, and having the same frequency resolution as the second spec-
tral domain representation,

to calculate first band-wise weighting values using a first combined spectral domain rep-
resentation of the two or more combined spectral domain representations and a first first
spectral domain representation of the two or more first spectral domain representations,

to calculate second band-wise weighting values using a second combined spectral do-
main representation of the two or more combined spectral domain representations and
a second first spectral domain representation of the two or more first spectral domain
representations, and

wherein the spectral weighter is configured

to weight the second spectral domain representation using band-wise weighting values
derived from the first and second band-wise weighting values,

to weight the first first spectral domain representation of the two or more first spectral
domain representations using the first band-wise weighting values, and

to weight the second first spectral domain representation of the two or more first spectral
domain representations using the second band-wise weighting values.
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31. Downmixer in accordance with claim 30,

wherein the weighting value estimator is configured for upsampling one or more spectral values
to obtain a upsampled spectral values for adjacent frequencies of the second spectral domain
representation and for copying to upsampled spectral values to obtain combined spectral values
for each of the two or more combined spectral domain representations, and

wherein the spectral weighter is configured to combine a weighting value for a specific band of
the first band-wise weighting values with a weighting value for the specific band of the second
band-wise weighting values to obtain a derived weighting value for the specific band of the derived
band-wise weighting values.

32. Downmixer in accordance with claim 25,

wherein the second channel comprises, for a specific time portion (TCX20), the second spectral
domain representation,

wherein the first channel comprises, for the specific time portion (2xTCX10), two or more of the
first spectral domain representations,

wherein the weighting value estimator is configured

to convert the two or more first spectral domain representations into the first combined
spectral domain representation having the same time resolution as the second spec-
tral domain representation,

to convert the second spectral domain representations into the second combined
spectral domain representation having the same frequency resolution as the two or
more first spectral domain representation, and

to calculate the band-wise weighting values using the first combined spectral domain
representation and the second combined spectral domain representation, and

wherein the spectral weighter is configured to weight the second spectral domain representation
using the band-wise weighting values, and to weight each first spectral domain representation of
the two or more first spectral domain representations using the same band-wise weighting values.
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33. Downmixer in accordance with claim 32,

wherein the weighting value estimator is configured for adding spectral values for pairs of fre-
quencies of the second spectral domain representation to obtain the second combined spectral
domain representation, and for adding spectral values of the same frequency of the two or more
of the first spectral domain representations to obtain the first combined spectral domain represen-
tation, and

wherein the spectral weighter is configured to weight a band having same frequencies in each
first spectral domain representation of the two or more first spectral domain representations using
the same band-wise weighting value.

34. Downmixer in accordance with one of the preceding claims,

wherein the weighting value estimator is configured to calculate a plurality of first band-wise
weighting values for a plurality of bands of a first channel of the at least two channels using a first
calculation rule depending on at least two of spectral values of a first spectral domain represen-
tation of the first channel, spectral values of a second spectral domain representation of the sec-
ond channel, spectral values of a single combined spectral domain representation derived from
the spectral values of the first spectral domain representation or the second spectral domain rep-
resentation, spectral values of a first combined spectral domain representation derived from the
spectral values of the first spectral domain representation, and spectral values of a second com-
bined spectral domain representation derived from the spectral values of the second spectral
domain representation, and

wherein the weighting value estimator is configured to calculate a plurality of second band-wise
weighting values for a plurality of bands of the first channel of the at least two channels using a
second calculation rule depending on at least two of the plurality of first band-wise weighting
values, the spectral values of the first spectral domain representation of the first channel, the
spectral values of the second spectral domain representation of the second channel, the spectral
values of the single combined spectral domain representation derived from the spectral values of
the first spectral domain representation or the second spectral domain representation, the spectral
values of a first combined spectral domain representation derived from the spectral values of the
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first spectral domain representation, and the spectral values of a second combined spectral do-
main representation derived from the spectral values of the second spectral domain representa-
tion, wherein the second calculation rule is different from the first calculation rule.

35. Downmixer for downmixing a multi-channel signal having at least two channels, wherein
the multi-channel signal is an audio signal, comprising:

a weighting value estimator for estimating band-wise weighting values for the at least two chan-
nels, wherein the weighting value estimator is configured to calculate the band-wise weighting
values based on a target energy value per band, so that an energy in the band of a downmix
signal is in a predetermined relation to energies in the same bands of the at least two channels;

a spectral weighter for weighting spectral domain representations of the at least two channels
using the band-wise weighting values to obtain weighted spectral domain representations,
wherein each band of a first and a second channel of the at least two channels has a plurality of
spectral values, wherein the spectral weighter is configured to apply the same weight to each
spectral value in the band of one of the at least two channels, and to apply another weight to each
spectral value in the band of another channel of the at least two channels; and

a mixer for calculating the downmix signal using the weighted spectral domain representations of
the at least two channels.

36. Downmixer of the claim 35,

wherein the spectral domain representations are either purely real or purely imaginary,

wherein the weighting value estimator is configured to estimate an imaginary spectral domain
representation when the spectral domain representation is purely real, or to estimate a real spec-
tral domain representation when the spectral domain representation is purely imaginary, and
wherein the weighting value estimator is configured to estimate the band-wise weighting values
using the estimated imaginary spectral domain representation or the estimated real spectral do-

main representation.

37. Downmixer of one of the claims 35 or 36, wherein the weighting value estimator is config-
ured to calculate a first weighting value for a band of a first channel of the at least two channels,



10

15

20

25

30

67

to calculate a second weighting value for the band of a second channel of the at least two chan-
nels, and to calculate the first weighting value and the second weighting value using an energy of
the first channel in the band, an energy of the second channel in the band, and a mixed term
depending on a product or a linear combination of spectral values from the at least two channels
in the band.

38. Downmixer of one of the claims 35 to 37,

wherein the weighting value estimator is configured to calculate, as the mixed term representing
the linear combination, a square root of an energy of spectral values added to each other in the
band from the spectral domain representations of the at least two channels, wherein the band
comprises a plurality of spectral values, or to calculate, as the mixed term representing the prod-
uct, an absolute value of a complex dot product between the spectral values in the band of a first
channel and the spectral values in the band of a second channel of the at least two channels.

39. Downmixer of one of the claims 35 to 38, wherein the weighting value estimator is con-
figured to calculate the band-wise weighting values for a first channel of the at least two channels
based on the following equation:

1 ILI? + |R[? + 2[(L, R)]|
Wp =
R=5%02 IL| + |R|

wherein wrg is a weighting factor for the first channel for a band, wherein |L|? is an estimated
power for the second channel, wherein |R|? is an estimated power for the first channel in the band,
wherein 2[(L, R)| is an estimated dot product between the channels in the band, wherein |L| is
an estimated amplitude for the second channel in the band, wherein |[R| is an estimated ampli-
tude for the first channel in the band.

40. Downmixer of claim 39, wherein the weighting value estimator is configured to calculate
the band-wise weighting values for a second channel of the at least two channels based on the
following equation:
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‘1 |L + R|
w; =w -
R L+ |R|

wherein wi is a weighting factor for the second channel for the band, and wherein |L + R| is an
estimated linear combination of the estimated amplitudes for the first channel and the second
channel in the band.

41. Downmixer of one of claims 35 to 40, wherein the weighting value estimator is configured
to calculate the estimated amplitude for the second channel in the band, and to calculate the
estimated amplitude for the first channel in the band based on the following equations:

IL| = \/Ziinb(MDCTi,ﬂ + MDST;,;*) , IR| = \/Z”nb(MDCTi,ﬂ + MDST;,%) , or

wherein the weighting value estimator is configured to calculate the estimated linear combination
of the estimated amplitudes for the first channel and the second channel in the band based on
the following equation:

IL+R| = \/lLIZ +|RI1? + 2(Z; in p(MDCT;MDCT; . + MDSTi,lMDSTi_r))Z, or

wherein the weighting value estimator is configured to calculate the estimated dot product be-
tween the channels in the band based on the following equation:

KL, R)| =

2 2
J (i inp(MDCT;;MDCT; , + MDST;;MDST;,))" + (i in »(MDST;;MDCT;, — MDCT;;MDST;,))", or

wherein the weighting value estimator is configured to calculate the estimated power for the sec-
ond channel in the band or the estimated power for the first channel in the band based on the
following equation:

L2 = z (MDCT;,* + MDST,;»),  |R|?> = Z (MDCT;,.” + MDST;,%)

iinb iinb

wherein i specifies the bin number inside spectral band b, and wherein MDST; represents an
estimated imaginary part of an MDCT bin i, wherein MDCT; represents the real part of the MDCT
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bin i included in the spectral domain representation of the first or the second channel, wherein r
represents the first channel, and wherein | represents the second channel.

42, Downmixer of one of the claims 35 to 41,

wherein a first spectral domain representation of a first channel of the at least two channels has
a first time resolution or a first frequency resolution, wherein a second spectral domain represen-
tation of a second channel of the at least two channels has a second time resolution or a second
frequency resolution, wherein the second time resolution is different from the first time resolution
and wherein the second frequency resolution is different from the first frequency resolution, and

wherein the weighting value estimator is configured to convert the first spectral domain represen-
tation into a combined spectral domain representation having the second time resolution or the
second frequency resolution, and to calculate the band-wise weighting values using the combined
spectral domain representation and the second spectral domain representation, or to convert the
second spectral domain representation into a combined spectral domain representation having
the first time resolution or the first frequency resolution, and to calculate the band-wise weighting
values using the combined spectral domain representation and the first spectral domain repre-
sentation, or

wherein a first spectral domain representation of a first channel of the at least two channels has
a first time resolution or a first frequency resolution, wherein a second spectral domain represen-
tation of a second channel of the at least two channels has a second time resolution or a second
frequency resolution, wherein the second time resolution is different from the first time resolution
and wherein the second frequency resolution is different from the first frequency resolution, and

wherein the weighting value estimator is configured

to convert the first spectral domain representation into a first combined spectral domain
representation having a third time resolution or a third frequency resolution,

wherein the third time resolution is different from the first time resolution or the second
time resolution and wherein the third frequency resolution is different from the first fre-
quency resolution or the second frequency resolution,
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to convert the second spectral domain representation into a second combined spectral
domain representation having the third time resolution or the third frequency resolution,
and

to calculate the band-wise weighting values using the first combined spectral domain
representation and the second combined spectral domain representation.

43. Downmixer of claim 42, wherein the spectral weighter is configured for weighting, as the
spectral domain representations of the at least two channels, one of the combined spectral do-
main representation and the second spectral domain representation, the combined spectral do-
main representation and the first spectral domain representation, and the first combined spectral
domain representation and the second combined spectral domain representation to obtain a first
weighted spectral domain representation and a second weighted spectral domain representation.

44, Downmixer of claim 43, wherein the mixer is configured for adding the first and second
weighted spectral domain representations to obtain a spectral domain downmix representation
and for converting the spectral domain downmix representation in the time domain to obtain the
downmix signal or for converting the first and second weighted spectral domain representations
into the time domain to obtain time representations of the at least two channels and for adding
the time representations of the at least two channels to obtain the downmix signal.

45, Method for downmixing a multi-channel signal having at least two channels, wherein the
multi-channel signal is an audio signal, comprising:

estimating band-wise weighting values for the at least two channels;

weighting spectral domain representations of the at least two channels using the band-wise
weighting values, wherein each band of a first and a second channel of the plurality of at least
two channels has a plurality of spectral values, and wherein the weighting comprises applying the
same weight to each spectral value in the band of one of the at least two channels, and applying
another weight to each spectral value in the band of another channel of the at least two channels;

converting weighted spectral domain representations of the at least two channels into time repre-
sentations of the at least two channels; and

mixing the time representations of the at least two channels to obtain a downmix signal.
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46. Method of downmixing a multi-channel signal having at least two channels, wherein the
multi-channel signal is an audio signal, comprising:

estimating band-wise weighting values for the at least two channels, comprising calculating the
band-wise weighting values based on a target energy value per band, so that an energy in the
band of a downmix signal is in a predetermined relation to energies in the same bands of the at
least two channels, wherein each band of a first and a second channel of the plurality of at least
two channels has a plurality of spectral values, and wherein the weighting comprises applying the
same weight to each spectral value in the band of one of the at least two channels, and applying
another weight to each spectral value in the band of another channel of the at least two channels;

weighting spectral domain representations of the at least two channels using the band-wise
weighting values to obtain weighted spectral domain representations; and

calculating the downmix signal using the weighted spectral domain representations of the at least
two channels.

47. Computer program for performing, when running a computer or processor, the method of
claim 45 or 46.



