I nt ernet Engi neering Task Force JM Valin

I nternet-Draft CGoogl e
Updates: 6716 (if approved) J. Buethe
I ntended status: Standards Track Xi ph. Org Foundati on
Expires: 8 January 2026 7 July 2025

Deep Audi 0 Redundancy (DRED) Extension for the Opus Codec
draft-ietf-nm codec-opus-dred-04

Abst ract

Thi s docunent proposes a nechani smfor enbedding very low bitrate
deep audi o redundancy (DRED) within the Cpus codec (RFC6716)
bi t stream

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 8 January 2026
Copyright Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunment authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunment. Code Conponents
extracted fromthis docunment must include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded wi thout warranty as described in the Revised BSD License.

Valin & Buethe Expi res 8 January 2026 [ Page 1]



I nternet-Draft Qpus DRED July 2025

Tabl e of Contents

1.

1.

1. Introduction . 2
1.1. Requirenents Language . 2
2. DRED Description . 2
2.1. Acoustic Features . e 3
2.2. Rate-Distortion- Cpt|n1zed Varlatlonal Aut oencoder
(RDO . . . e e 5
2.2.1. Encoder archltecture e 6
2.2.2. Decoder architecture . . . . . . . . . . . . . . .. 7
2.2.3. Statistical data . . . . . . . . . . . . . . . . .. 10
2.2.4. Nocoder . . . . . . . . . . . . . . ... ... .01
3. DRED Extension Formmt . . . . . . . . . . . . . . . . . . ... 19
3.1. Latent decoding . . . . . . . . . . . . . . . . ... .. 22
4. Conformance . . . e e e e s s 22
4.1. DRED Feature Decod|ng e e e e e s s, 22
4.2. Vocoder . . . .o e e s s, 22
5. T ANA CDnS|derat|ons ... 2
5.1. Opus Media Type Update K
5.2. Mapping to SDP Paraneters . . . . . . . . . . . . . . . . 23
6. Security Considerations . . . . . . . . . . . . . . . . . .. 23
7. References . . . .
7.1. Nor mati ve References e e e 24
7.2. Informative References . . . . . . . . . . . . . . . . . 25
Authors’ Addresses . . . . . . . . . . . . . . . . . . . . ... 25

I nt roduction

Thi s docunent proposes a nechani smfor enbedding very |ow bitrate
deep audi o redundancy (DRED) within the Opus codec [ RFC6716]
bi t stream

Requi renent s Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capital s, as shown here

DRED Descri ption

Opus already includes a | owbitrate redundancy (LBRR) mechani smto
transmt redundancy in-band to inprove robustness to packet |oss.
LBRR is however Iimted to a single frane of redundancy, and
typically uses about 2/3 of the bitrate of the "regular" Opus packet.
The DRED extension allows up to one second or nore redundancy to be
included in each packet, using a bitrate about 1/50 of the regul ar
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Qous bitrate. Although the anmount of redundancy that can be encoded
in a packet is unbounded, there appears to be little use to including
more than a few seconds

DRED is transnitted within the Opus paddi ng, as described in

[opus-extension]. |In the case of nulti-franme packets, there SHOULD
only be one DRED extension per packet and it SHOULD be associ ated
with the first frame of the packet. 1In all cases, there MJST NOT be

nmore than one DRED extensi on associated to the sane frane.

The DRED encoder SHOULD renove any |eading or trailing silence from
the redundant audi o data. That being said, silence that occurs

bet ween speech segnents cannot be left out. Any Selective Forwarding
Unit (SFU) designed not to forward silent packets SHOULD stil

forward DRED- cont ai ni ng packets fromthe |ast known active source.
Conference m xers SHOULD either forward DRED fromthe | ast known
active source or re-encode DRED from the m xed audi o.

DRED wor ks by having the encoder transmit acoustic features in the
Qous bitstream On the receiver side, if packets are lost, then the
first packet to arrive will contain the acoustic features for a
certain duration in the past. The decoder can then use the features
to synthesize the missing speech -- either fromthe |ast received or
fromthe | ast audi o sanpl es produced by packet |oss conceal nent
(PLC). Although the synthesized speech sanpl es shoul d be consi stent
with the | ast known sanples at the point of the transition, the
features do not contain waveformspecific or phase-specific
informati on so the synthesized speech waveformwi ||l significantly
deviate fromthe original waveform despite sounding simlar.

2.1. Acoustic Features

DRED uses 20 acoustic features to synthesize speech. The first 18
are Bark-frequency cepstral coefficients (BFCC) and the | ast
represent the pitch frequency and the voicing information. The BFCC
features are based on bands that match the CELT bands, as shown in
Table 1.
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2.2. Rate-Distortion-Optimzed Variational Autoencoder (RDO

The features described above need to be transmitted to the decoder
with the fewest nunber of bits possible. A though it is not
acceptabl e to nake redundancy from one packet depend on the
redundancy of another packet, we can use as nuch prediction as we
like within one packet. |In practical use, the same audio feature
vector is included in many different packets (50 for 1 second
redundancy). For that reason, we do not want to fully re-encode
acoustic features for each packet. On the decoder side, since the
nost recent audio is the nost likely to be used, we mnimze the
conmputation tine by having the audio encoded fromthe npbst recent,
goi ng backward in tine.

TODO. Specify the cepstral features and voicing. Open question: how
do we specify the neural pitch estimtor?
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Figure 1: DRED encodi ng/ decodi ng
.2.1. Encoder architecture

Every 20 nms, the encoder takes in a pair of 20-di nensional acoustic
feature vectors as input and produces one initial state (IS) and one
| atent vector. Each latent vector encodes 40 ns (their information
overlaps), so only half the | atent vectors need to be transnitted.

Al t hough an encoder is provided for reference, the encoder
architecture is not normative. Each redundancy packet contains the
latest initial state, along with | atent vectors ordered fromthe

| atest (the one aligned with the initial state) to the earliest one
the encoder includes. Each conponent of the IS and | atent vectors
are quantized and then entropy-coded foll owi ng a Lapl ace
distribution. The sanme procedure is used for both the latent vectors
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and the initial state (we will describe the process for a | atent
variable). The quantized index X is obtained by scaling the i’th

| atent variable z_i by a scaling factor s_{i,q} that depends on both
i and on the quantizer gq. W then apply a "dead-zone" function
zeta(z) =z - d*tanh(z / (d + epsilon)), where d al so depends on i
and g, and epsilon=0.1. The result is then rounded to the nearest
integer: X = round(zeta(s_{i,q}*z_i)). The Laplace distribution used
for entropy coding is paraneterized with a probability that the val ue
is zero (p0), as well as a decay factor r (0O <r < 1). Both pO and r
depend on i and q. The probability p(X) for a coefficient is given
by:

pO , if X=0

(1 - p0) *r , if X1=0

2.2.2. Decoder architecture

Unli ke the encoder, the decoder is normative. The decoder uses the
same Lapl ace distribution above to decode the synbols and then scal es
them back by 1/s_{i,q}. The initial state is used as input to
initialize the decoder’s gated recurrent units (GRUs). The |atent
vectors are used one at a tinme as input the DNN decoder, which
produces 4 vectors of 20 acoustic features for each input |atent

vect or.

The decoder is nmostly structured as a DenseNet network, with 5 sets
of alternating GRU and convol utional |ayers. Let grul..gru5 denote
the 5 GRUs, convl..conv5 denote the 5 convol utional |ayers,

hi dden_init/gru_init/densel/ output denote fully-connected | ayers,
glul..glu5 denote gated linear units (GUs), and cat() denote tensor
concatenation. Al GRU layers have 96 outputs (nunber of neurons)
and all convolutional |ayers have 32 outputs. Despite using a
functional notation, both the GRU and convol uti onal |ayers have an
internal state when used one |latent vector at a time. The fully-
connected layers all have different sizes. Unless otherw se noted,
the GRUs, convol utional and fully-connected |ayers all use tanh

out put activations and the GRUs use signoid as gate activation. G.Us
are defined as:

L(y) = signmoid(Wy)*y
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where y is the input and Wis a square matrix of the same di nensions
as y. The decoder starts with the 18-dinensional initial state
vector 1S. The IS is used to conpute the GRU initialization vector V
using both hidden_init and gru_init:

V = gru_init(hidden_init(1S))

where hidden_init has 18 inputs and 128 output, and D2 has 128 inputs
and 480 (5*96) outputs. The conponents of V are split (sequentially)
into the V1..V5 initialization vectors (original state before the
decodi ng process) for GRUs grul..gru5. Let Z be the decoded

20-di mensi onal | atent vector for a particular 40-ns chunk. From
there, the DenseNet structure can be expressed as:

t1l = densel(2)

t2 = cat(tl, convli(tl))

t3 = cat(t2, glul(grul(t2)))
t4 = cat(t3, conv2(t3))

t5 = cat(t4, glu2(gru2(t4)))
t6 = cat(t5, conv3(t5))

t7 = cat(t6, glu3(gru3(t6)))
t8 = cat(t7, conv4(t7))

t9 = cat(t8, glu4(gru4(t8)))

t10 = cat(t9, conv5(t9))
t11 = cat(t10, glu5(gru5(t10)))
X = output(tl1l)

where t1..tN are tenporary vectors and "output” is the only layer to
have a linear output activation, with 80 output neurons (4*20). The
dimensionality of tl1..t11 (and correspondi ng GRU convol utional input
size) can be inferred fromthe concatenati on operations. The out put
vector x is split (sequentially) into 4 feature vectors of 20

di mensi ons each that can be sent to the vocoder is packets are |ost.

2.2.2.1. Decoder weights

The decoder weights are distributed outside of this docunent at

htt ps:// nmedi a. xi ph.org/ opus/ietf/draft-ietf-m codec-opus-dred-
0l1-weights.bin. [FIXME Find permanent |ocation for the weights]
They are distributed in a sinple binary format that can al so be used
to separate themfroman inplenmentation binary for easier downl oads.
Each weight matrix is stored separately as a single array bl ock.

Each bl ock starts with a 64-byte header, followed by a nultiple of 64
bytes of array data. Blocks are self-delinmted and can be
concatenated into a single file.
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The header starts with a 4-byte Header |ID representing the string
"DNNw', followed by a 4-byte Version number (currently 0). The Type
of the weights follows, encoded as a 4-byte integer, where value 0O
represents floating point weights and value 3 represents 8-bit signed
integers. The 4-byte Size field that follows represents the size of
the data in bytes (not nunber of elenents), and the Block Size is the
nunber of data bytes rounded up to 64 bytes. The bl ock size

i ndi cates where the next block is expected. Note that the bl ock size
does not include the header size. The remaining 44 bytes of the
header contain the name of the array.

For inplenentation efficiency, the binary format can be inpl enmented
usi ng any endi anness, but for the purpose of distributing the
reference weights, we use a little-endian format.

0 1 2 3
01234567890123456789012345678901
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Header 1D |
i T s i o S i i S R I S I S S S M
| Ver si on |
B T S i T s i i e e SEI S
I Type I
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Si ze |
i T s i o S i i S R I S I S S S M
| Bl ock size |
B T S i T s i i e e SEI S
| Nane (44 bytes) |
I+- B T S I T i in T (T I S S T S S +-|+
| Data (N x 64 bytes) |
I I

i e R i e i i i e i i St S N e S
Figure 2: Binary Wights Fornmat

The decoder arrays are naned dec_<l ayer nanme> <vari abl e name>, where
the nanmes are grul..gru5, conl..convb, and so on. There is an
optional float or _int8 suffix for type when relevant. Variable
nanes can be "bias", "subias", "scale" and "weights". TODO nore on
how the matrices are used.
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2.2.3. Statistical data

We define 16 different quantization settings, ranging fromg=0
(higher bitrate) to q=15 (Il ower bitrate). For each quantizer and for
each latent variable or initial state coefficient, we have a
normative scale (s), decay (r), and pO value. Note that the dead-
zone paraneters d are not normative.
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|18/0 |0 |0 [0 |O |0 |O

11 |

9

7

[0 10 |2 |3 |5 |

|0

R ey ety Sty ey Sy Sepely Sty ey ety Sy ety ey ety ey ey pjfepety hjp—pgy

| 19] 5 | 12| 18] 26| 34| 43| 56 | 84 | 255| 255| 255| 255| 255|

255 | 255 |

255 |

ety Sty Sty Sefenty ety Sty Sy Sty Jlepeey ety fejejenty emjefety ety ety ey e pefjeny e pefeey o

|20/0 [0 |0 |0 |0 |O |1

| 18 | 21

|11 |14 | 16

I3 |5 |8

| 2

[ ety St Sty Sty Sty Sty Sty Sty Sty ety Sty Sty Sty Sty ety ety ety

| at ent

Tabl e 3: Dead zone val ues for
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Opus DRED July 2025

Internet-Draft

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

[k |Q QA | |®B|A|X® || |GB|QQ Q0| Al 2| Q3| l4| ALy

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

| 0 | 233| 228 222| 214| 204| 191| 176| 155| 135| 106| 66 |32 | 0

10 10 |

|0

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

|1 ]94 |85 |72 |59 |45 |32 |21 |10 |4

|0 |10 O |O |0 |O

|0

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

|2 10 [0 |O |0 O |O O

| 4

|2 191 |75 |58 |43 |29 |17 |9

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

|3 ]112|96 |81 |65 |51 |38 |26 |16 |10 |4

|0 10 |0 |O [0 |

| 1

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

1 10 [0 |

|3

| 4 | 149| 138| 125|109 93 |77 |61 |45 |32 |21 |12 |7

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

|5 |65 |50 |36 |24 |14 |8

2 10 [0 |0 O O |O [O [O |

| 4

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

|6 192 |75 |59 |43 |29 |18 |10 |5

[0 10 ]0 |0 O O |O

| 2

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

| 7 | 118 107| 97 |74 |60 |48 |38 |29 |17 |6

[0 10 O |O [0 |

|0

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

|8 |55 |47 |36 |27 |19 |13 |8

|2 10 [0 |O |0 O |O O

| 3

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

|9 | 122|107/ 92 |76 |60 |46 |34 |22 |15 |9

2 10 10 |O [0 |

| 4

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

| 10/ 82 |67 |53 |40 |29 |20 |14 |8

|0 |10 O |O |0 |O |O

| 4

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

| 11| 190| 181| 171| 160| 149| 135| 120| 101| 85 |68 |52 |38 |26 |17 |10 |6

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

| 12| 175| 165| 154| 143| 128] 113| 98 |81 |67 |53 |41 |31 |23 |15 |9

|5

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

| 13| 100| 85 |70 |56 |42 |31 |21 |12 |6

|0 |10 O |O |0 |O

| 1

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

| 14|80 |64 |49 |35 |23 |14 |7

|0 |10 O |O O O |O O

| 2

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

| 15|62 |47 |33 |21 |12 |6

|0 10 ]O0 |0 O |O |O [0 [O |

|3

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

| 16| 125| 109] 92 |75 |59 |43 |30 |18 |10 |5

1 10 [0 |O [O |

| 1

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

| 17| 130| 114| 98 |82 |66 |50 |37 |24 |15 |7

1 10 [0 |O [0 |

| 2

+==+===t ===t ===t === ===t ===t ===+ === === === === === === ===+ ===4===+
| 18] 236| 233| 229| 224| 219| 213| 206| 198| 189| 180| 169| 158| 146| 132| 118| 104|
R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

19|90 |72 |54 |37 |24 |15 |9

|0 |10 O |O O O |O O

| 3

ety ety ey Sty ety ety el fejepety Jjepefety ey fejefenty ety ety ey fejepety Jjemjefety ey

| 20| 219| 213| 207| 199| 190| 181| 172| 160| 148| 133| 118| 103| 88 | 74 | 62 |51

Table 4: Decay (r) values for |atent
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Expi res 8 January 2026

Val i n & Buet he



I nternet-Draft Qpus DRED July 2025

+==—t=——=4 ===t ===t === === === === === === === === === === === ===
|k |Q QL | |QB | [|XB |[QB Q|8 Q@ [Q0] Al Q2] QL3| Ql4| Q15|
‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
|0 |12 |14 |18 |22 |27 |35 |44 |57 | 78 | 106| 152| 201| 255| 255| 255| 255

Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
|1 | 162| 171| 184| 197| 211| 224| 235| 246| 252| 255| 255| 255| 255| 255| 255| 255|
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 2 | 137| 147| 158| 171| 184 198| 212| 228| 241| 255| 255| 255| 255| 255| 255| 255

‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 3 | 134| 142| 152| 163| 175| 188| 201| 216| 228| 242| 253| 255| 255| 255| 255| 255

Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 4 | 107| 118| 126| 135| 144| 155| 166| 179| 192| 207| 223| 235| 248| 253| 255| 255|
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 5 | 138]| 152| 167| 183| 199| 215| 231| 246| 255| 255| 255| 255| 255| 255| 255| 255

‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 6 | 118| 130| 144| 158| 174| 190| 206| 223| 237| 255| 255| 255| 255| 255| 255| 255

Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 7 | 138| 149| 159| 167| 180| 194| 208| 227| 239| 250| 255| 255| 255| 255| 255| 255|
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 8 | 201| 209| 220| 229| 237| 243| 248| 253| 254| 255| 255| 255| 255| 255| 255| 255

‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 9 | 114| 123| 133| 145| 158| 172| 186| 204| 218| 234| 246| 253| 255| 255| 255| 255

Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 10| 145| 157| 169| 182| 196| 209| 223| 237| 248| 255| 255| 255| 255| 255| 255| 255|
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 11|66 | 75 | 85 |96 | 107| 115| 122| 132| 140| 151| 163| 175| 189| 201| 213| 224|
‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 12| 81 | 91 | 102| 113| 122| 131| 140| 153| 164| 177| 192| 205| 220| 230| 238| 244|
Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 13| 143| 153| 163| 175| 187| 199| 211| 226| 237| 249| 255| 255| 255| 255| 255| 255|
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 14| 146| 157| 170| 183| 198| 213| 228| 245| 255| 255| 255| 255| 255| 255| 255| 255

‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 15| 159| 168| 179| 193] 208| 222| 237| 255| 255| 255| 255| 255| 255| 255| 255| 255

Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 16| 122| 130| 140| 150| 161| 174| 187| 203| 216| 232| 245| 253| 255| 255| 255| 255|
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 17| 121| 128| 137| 147| 159| 170| 183| 198| 212| 228| 241| 250| 255| 255| 255| 255

‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 18|20 |23 |27 |32 |37 |43 |50 |58 |67 |76 |87 |98 | 108| 116| 125| 134|
Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 19| 104| 120| 139| 159| 182| 205| 227| 251| 255| 255| 255| 255| 255| 255| 255| 255|
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 20| 37 |43 |49 |57 |66 |75 |84 |96 | 106| 115| 126| 137| 148| 159| 169| 180|
‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+

Table 5: P(0) values for |atent
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I nternet-Draft Qpus DRED July 2025

+==—t=——=4 ===t === ===t === === === == == == === === === === === === 4
|k |Q |QL | |@B |4 |B |G |Qr] Bl QQIQL0] QL1| Q12| Q13| Q14| QL5 |
‘==t ===+t ===+ ===+ ===+ ===+ ===+ ==+ ==+ ==+ ===+ ===+ ===+ ===+ ===+=====+
| 0 | 255| 215| 181| 153| 129| 109| 93 | 78| 67| 58| 51 |45 |40 |35 |31 | 27
B ity il Sttty ety ity ety ey ety f—ty ey ety Sttty gy ety fp—te—ty ey jjt—t—t—"
| 1 | 255| 215| 181| 153| 128| 108| 91 | 77| 65| 55| 47 |41 |36 |31 |27 | 24
+==—t=——=4 ===t === ===t === === === == == == === === === === === === 4
| 2 | 255| 233| 205| 175| 146| 120| 97 | 77| 62| 49| 40 |33 |27 |23 |19 | 15
‘==t ===+t ===+ ===+ ===+ ===+ ===+ ==+ ==+ ==+ ===+ ===+ ===+ ===+ ===+=====+
| 3 | 255| 215| 181| 152| 127| 107| 89 | 74| 62| 53| 44 |37 |32 |28 |24 | 21
B ity il Sttty ety ity ety ey ety f—ty ey ety Sttty gy ety fp—te—ty ey jjt—t—t—"
| 4 | 255| 216| 182| 154| 131| 111| 95 | 81| 70| 63|57 |51 |47 |41 |36 | 31
+==—t=——=4 ===t === ===t === === === == == == === === === === === === 4
| 5 | 255| 215| 181| 152| 128| 108| 91 | 76| 64| 55| 46 |39 |34 |29 |25 | 21
‘==t ===+t ===+ ===+ ===+ ===+ ===+ ==+ ==+ ==+ ===+ ===+ ===+ ===+ ===+=====+
| 6 | 255| 216| 182| 155| 131| 111]| 95 | 81| 71| 65| 60 |53 |47 |41 |36 | 32
B ity il Sttty ety ity ety ey ety f—ty ey ety Sttty gy ety fp—te—ty ey jjt—t—t—"
| 7 | 255| 216 183| 155| 132| 113| 98 | 87| 79| 79| 78 |69 |62 |53 |46 | 40
+==—t=——=4 ===t === ===t === === === == == == === === === === === === 4
| 8 | 255| 215| 181| 152| 128| 108| 91 | 77| 65| 56| 47 |41 |36 |31 |27 | 24
‘==t ===+t ===+ ===+ ===+ ===+ ===+ ==+ ==+ ==+ ===+ ===+ ===+ ===+ ===+=====+
| 9 | 255| 216| 183| 155| 131| 112| 96 | 82| 71| 62| 54 |47 |41 |37 |34 | 42
B ity il Sttty ety ity ety ey ety f—ty ey ety Sttty gy ety fp—te—ty ey jjt—t—t—"
| 10| 121| 114| 102| 84 |61 |43 |31 |1 |0 |2 |131| 188| 255| 216| 181| 151
+==—t=——=4 ===t === ===t === === === == == == === === === === === === 4
| 11| 255| 215| 182| 153| 129| 108| 91 | 77| 65| 55| 47 |40 |34 |28 |24 | 20
‘==t ===+t ===+ ===+ ===+ ===+ ===+ ==+ ==+ ==+ ===+ ===+ ===+ ===+ ===+=====+
| 12| 255| 217| 184| 155| 130| 110] 92 | 77| 64| 54| 45 |38 |32 |27 |23 | 19
B ity il Sttty ety ity ety ey ety f—ty ey ety Sttty gy ety fp—te—ty ey jjt—t—t—"
| 13| 255| 227| 196| 166| 140| 118| 98 | 82| 69| 57| 48 |40 |34 |29 |24 | 20
+==—t=——=4 ===t === ===t === === === == == == === === === === === === 4
| 14| 255| 216| 182| 154| 130| 110| 93 | 80| 69| 60| 53 |47 |42 |37 |32 | 28
‘==t ===+t ===+ ===+ ===+ ===+ ===+ ==+ ==+ ==+ ===+ ===+ ===+ ===+ ===+=====+
| 15| 255| 216| 184| 156| 133| 114| 98 | 87| 77| 72|66 |59 |52 |46 |40 | 36
B ity il Sttty ety ity ety ey ety f—ty ey ety Sttty gy ety fp—te—ty ey jjt—t—t—"
| 16] 255| 216| 184| 156| 134| 115| 100| 91| 82| 77| 67 |59 |52 |46 |40 | 36
+==—t=——=4 ===t === ===t === === === == == == === === === === === === 4
| 17| 255| 216| 183| 155| 131| 110| 93 | 78| 66| 57| 49 |42 |37 |32 |28 | 25
‘==t ===+t ===+ ===+ ===+ ===+ ===+ ==+ ==+ ==+ ===+ ===+ ===+ ===+ ===+=====+
| 18| 71 | 65 |60 |54 |49 |45 |42 | 45| 49| 92| 189| 235| 255| 213| 177| 146
B ity il Sttty ety ity ety ey ety f—ty ey ety Sttty gy ety fp—te—ty ey jjt—t—t—"

Tabl e 6: Scal e values for state
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Opus DRED July 2025

Internet-Draft

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

[k |Q QA | |®B|A|X® || |GB|QQ Q0| Al 2| Q3| l4| ALy

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

[0 |13 |12 |11 |11 |11 |11 |11 |11 |11 |13 |12 |9

13 |19 |26 |

| 7

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

|1 116 |14 |12 |11 |9

|7 14 14 |4 |4 |5 |7 |5 |3 |7 |

| 8

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

1219

|7 16 |6 |4 |3 [3 |2 [3 [2 |0 [3 |2 |4 |4 |

| 8

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

1316

[11 |11 |10 |15 |22 |28 |37 |

| 8

|8 |9 |9 |9 |10 |8

| 8

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

|4 |20 |18 |17 |16 |15 |15 |15 |14 |13 |14 |13 |9

|14 |21 |30 |

|9

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

|5 |10 |8

|10 | 10 |

IS |4 |4 |3 |3 |2 |3 |4 |6 |8 |9

| 7

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

|6 |13 |13 |13 |13 |13 |13 |14 |12 |12 |11 |2

|10 |17 |24 |34

| 1

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

|7 135 |30 |25 |22 |19 |17 |16 |18 |15 |22 |0

10 |4 |7 [|12]

| 1

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

|8 |13 |11 |9

16 |5 [4 |3 |2 |3 |3 |4 |9 |6 [2 |5 |

| 8

|9 |15 |15 |15 |15 |15 |16 |17 |17 |18 |16 |20 |26 |34 |46 |75 | 255

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

[0 10 O |O [0 |

|0

| 10| 255| 255| 255| 255| 255| 255| 255| 255| 255| 2

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

[11]9

|6 |5 4 |3 |2 |1 |1 |0 |O |1 |2 |2 |3 [3 |

| 7

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

[12]11 |9

IS 13 12 |2 2 |2 |3 |4 |4 |3 [3 |3 [2 |

| 6

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

|13/ 10 |8

15 14 3 |2 |2 |1 |2 |2 |2 |4 [3 |4 |1 |

| 6

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

14|23 |19 |17 |14 |12 |11 |9

4 |7 19 |13 ]

|11 |9 |4

| 8

| 8

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

|15/ 14 |14 |14 |15 |16 |17 |18 |20 |18 |0

|13 |14 |23 |33 |50 |

| 8

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

| 1626 |24 |21 |19 |17 |16 |12 |7

|11 |14 |14 |17 |24 |32 |46 |

|0

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

| 17|43 |38 |32 |27 |22 |18 |14 |7

[0 |10 O |O O [O |O |

|1

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

| 18| 255| 255 255| 255| 255| 255| 255| 255| 255| 121] 29 | 4

10 11 1[4 |

| 1

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

Tabl e 7. Dead zone values for state
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I nternet-Draft Qpus DRED July 2025

+==—t=——=4 ===t ===t === === === === === === === === === === === ===
|k |Q QL | |QB | [|XB |[QB Q|8 Q@ [Q0] Al Q2] QL3| Ql4| Q15|
‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 0 | 207| 199 190| 181| 169| 158| 145| 130| 116| 103| 90 | 77 |66 |52 |39 |27
Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 1 | 224| 218| 212| 205| 196| 187| 177| 165| 152| 139| 126| 112| 101| 87 | 74 | 60
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 2 | 253| 253| 252| 252| 251| 250| 249| 247| 245| 242| 239| 235| 231| 226| 220| 213|
‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 3 | 207| 199 190| 180| 169| 157| 144| 128| 11399 |82 |68 |56 |46 |37 |30 |
Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 4 | 197| 187| 177| 165| 152| 139| 124| 109| 95 |84 |74 |64 |56 |42 |30 |19
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 5 | 233| 229| 224| 218| 212| 205| 197| 187| 177| 166| 154| 140| 127| 112| 97 | 81
‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 6 | 190| 181 170| 158| 144| 130| 115| 100| 86 |78 | 70 | 60 |48 |36 |25 | 16
Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 7 | 198| 189| 178| 167| 154| 141| 127| 115| 106| 107| 107| 96 |86 | 71 |57 | 43
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 8 | 232| 227| 223| 217| 210| 203| 194| 183| 173| 161| 149| 136| 124| 111| 99 | 84
‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 9 | 180| 168| 156| 143| 128| 112| 97 |79 |64 |50 |37 |25 |17 |10 |7 |5 |
Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
|10/4 |3 |1 |O |JO |O JO |O |JO |O |19 |104|132|117]|100|83
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 11| 245| 243| 240| 237| 234| 230| 226| 220| 214| 208| 200| 191| 182| 171| 160| 147
‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 12| 251| 251| 250| 249| 247| 246| 244| 241| 239| 235| 232| 227| 222| 216 210| 202
Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 13| 254| 253| 253| 253| 252| 251| 250| 249| 248| 246| 244| 242| 239| 236 233| 229
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 14| 210| 203| 194| 185| 174| 162| 149| 136| 122| 109| 98 |88 |78 |64 |51 |38 |
‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
| 15| 173| 162| 149| 135| 120| 105/ 91 | 78 |67 |63 |53 |43 |32 |22 |15 |9 |
Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"
| 16| 169| 156 142| 128| 112| 98 |85 |77 |71 |61 |48 |37 |28 |18 |10 |5
+==—t=——=4 ===t ===t === === === === === === === === === === === ===
| 17| 223| 218| 212| 205| 197| 188| 179| 166| 155| 143| 131| 120| 110| 99 | 89 | 79
‘+==+ ===+t ===+ ===+ ===+ ===+ o= +4 === 4 ===+ ===+ === +4 ===+ ===+ ===+ ===+ ===+
|18]22 |17 |12 |7 |4 |2 |1 |2 |11 |90 |166|183|188|178|164| 150|
Bty ety Jletetety ey ity Sttty ey ity f—t—ty ey ety ftetely ey ettty ey ety fp—t—"

Table 8: Decay (r) values for state
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+==—t=——=4 ===t ===t === === === === === === === === === === === ===

[k |Q QA | |®B|A|X® || |GB|QQ Q0| Al 2| Q3| l4| ALy

|0 |40 |45 |52 |59 |67 |75 |84 |95 | 105| 115| 124| 132| 139| 153| 167| 182

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy
|1 |24 |28 |32 |37 |43 |49 |56 |63 |72 |80 |90 | 100| 110| 119] 128| 142

+==—t=——=4 ===t ===t === === === === === === === === === === === ===

|11 |13 |16 |19 |23 |

2 |2 |2 |3 |4 |5 |6 |7 |9

| 2

12 |1

|3 |35 |41 |48 |56 |65 |75 |85 |97 | 109] 124| 139| 153| 168| 183| 197| 210]

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy
|4 |45 |50 |56 |64 |72 |81 |90 |101|110| 118| 125| 132| 139| 155| 171]| 188|

ety ety ey Sty ety ety el fejepety Jjepefety ey fejefenty ety ety ey fejepety Jjemjefety ey
|5 |15 |18 |21 |24 |29 |33 |39 |45 |52 |60 |69 |78 |88 |98 | 108| 119

|6 |47 |54 |62 |70 |79 |89 |99 |110|119| 126| 127| 136| 150| 167| 183| 200

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy
|7 |44 |49 |54 |60 |67 |74 |82 |90 |95 |97 |91 |99 |107|121] 135|151

ety ety ey Sty ety ety el fejepety Jjepefety ey fejefenty ety ety ey fejepety Jjemjefety ey
|8 |15 |17 |20 |23 |27 |31 |35 |40 |46 |53 |61 |70 |78 |88 |96 | 109

|9 |58 |65 | 73 |82 |92 | 102| 112 125| 136| 146| 160| 176] 193| 209| 226| 251

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

| 10| 252| 253| 255| 255| 255| 255| 255| 255| 255| 255| 189| 93 | 72 | 83 | 96 | 110|
+==—t=——=4 ===t ===t === === === === === === === === === === === ===

|11] 7

|11 |13 |15 |18 |21 |24 |29 |33 |39 |46 |53 |60 |69 |

|9

| 8

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

|12] 2

[11 |13 |15 |17 |21 |24 |29 |

I3 14 |4 |5 |6 |7 |9

|3

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

|13] 1

[10 |12 |14 |

1 12 |2 |2 |3 |4 |4 |5 |6 |7 |8

| 1

ety ety ey Sty ety ety el fejepety Jjepefety ey fejefenty ety ety ey fejepety Jjemjefety ey
| 14|25 |28 |33 |39 |45 |52 |60 |70 |79 |89 |98 | 106| 114| 128| 142| 157

| 15|56 | 64 |73 |83 |93 | 105| 116| 128| 135| 131| 142| 155| 168| 185| 201| 218]

R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy
| 16/ 53 |61 |69 | 78 |88 |98 | 109| 116| 121| 131| 145| 159| 172| 188| 204| 220|

ety ety ey Sty ety ety el fejepety Jjepefety ey fejefenty ety ety ey fejepety Jjemjefety ey
17|17 |21 |25 |31 |39 |45 |52 |58 |65 |74 |84 |94 | 105| 116| 128| 139

[ et Sttty Sty Sty Sty Sty Sty ety Sty Sty ety Sty ety Sty ety ety ety

| 18] 230| 235| 240| 246| 250| 252| 254| 251| 235| 129| 50 | 39 |36 |43 |51 | 60
R el ety Sempjenty ety Sepejety ety fepejety ety fepejety ey fepejety jjefepy fepejenty ey fepejety ey Spejegy

Table 9: P(0) values for state
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2.2.4. Vocoder

A vocoder is needed to turn the acoustic features into actual speech
to fill in the audio for any m ssing packets. Al though the decoder
is not normative, certain properties are needed for DRED to function
adequately. First, the vocoder SHOULD be able to start synthesizing
speech by continuing an existing waveform reducing the artifacts
caused at the beginning of a |lost packet. |f such property cannot be
achi eved, then the inplenentation SHOULD at | east nmake an attenpt to
synchroni ze the phase of the synthesized speech with the | ast

recei ved speech, and attenpt some form of blending, e.g. by splicing
the signals in the LPC residual donain.

A second inportant property of the vocoder is to not rely on nore
than one feature vector of |ook-ahead. To synthesize speech between
time t-10nms and t, the vocoder SHOULD NOT rely on acoustic features
centered beyond t+5ns (i.e. covering t-5ns to t+15ms). The vocoder
MAY use nore | ook-ahead when it is available, but there are cases
(e.g. last lost packet) where the amobunt of acoustic feature vectors
will be limted. For frames sizes less than 20 ns, the decoder
SHOULD be prelated to deal with having | ess than one feature vector
of | ook-ahead.

3. DRED Extension Fornat

We use the Opus extension nechani sm[opus-extension] to add deep
redundancy w thin the padding of an Cpus packet. W use the
extension I D 32, which neans that the L flag signals whether a length
code is included. |In this docunent, we define only the extension
payl oad. [Note: until adoption by the |ETF, experinental

i mpl ement ati ons of DRED MUST use experinent extension ID 126 to avoid
causing interoperability problemns]

The principles behind the DRED nechani sm defined in this extension
are explained in [dred-paper]. Al the data in the extension payl oad
i s encoded using the Qpus entropy coder defined in Section 4.1 of

[ RFC6716]. Since sone of the fields at the beginning of the payl oad
are encoded with flat binary probabilities, they can still be
interpreted as bits.
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The extension starts with a 4-bit initial quantizer field (Q0)
ranging fromO to 15. That quantizer is used on the nost recent
frame encoded and is followed by the 3-bit quantizer slope dQ The
3-bit dQ index selects fromthe follow ng values: [0, 1/8, 3/16, 1/4,
3/8, 1/2, 3/4, 1] quantizer step per frane. The quantizer for frane
k is thus given by: g=m n(Qrax, round(Q + dQtable[dqd * k)), where
Qrmax is the maxi mum quanti zer allowed. For exanple, using Q=5 and
d@2 (3/16), frame k=20 woul d use a quantizer of round(5 + 3/16 * k)
= 9.

We then have one bit (X) that flags whether an extended offset is
used. If X=0, then a 5-bit offset indicator follows. The offset is
a positive integer in units of 2.5 ns. It indicates the tine of the
| ast sanple analysed for the transmtted features in the packet,
measured from 40nms after the first sanple in the Cpus frane that
contai ns the extension data.

If X=1, then we have an extended offset field, with an additional 8
bits to signal the offset. This nmakes it possible to signal a
maxi mum of f set of (2713-1)*2.5nms, or approximately 20.5 seconds.

If Q<14 and dQ =0, then the offset is followed by the range-coded
Qrax paraneter. The probability of Qrax=15 is set to 1/2 (one bit is
used), whereas other possible values (Q < Qrax < 15) are coded with
a flat probability distribution. The pdf for Qrax is {nval, 1, 1
...}/ (2*nval ), where there are nval =14- Q) ones. The Qmax=15 synbo
is first, followed by other values in ascending order, starting from

Qrax=Q0+1.

The conpressed redundancy information consists of an initial state
coded, followed by a sequence of 40-nms |atent vectors. Both the
initial state and the latent vectors are entropy-coded using a

Lapl ace distribution. The nunber of 40-ms DRED | atent vectors is not
coded explicitly. Instead, the decoder keeps decoding themuntil it
runs out of bits. More specifically, the decoder MJUST NOT decode

bl ocks when fewer than 8 bits remain in the DRED payload. There is
no arbitrary limt on the number of vectors that can be coded in a
packet, but the authors do not believe that using nore than a few
seconds of redundancy is likely to be useful. Also, decoders MAY

i gnore any redundancy data beyond a certain anount.
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Figure 3: Extension fram ng
3.1. Latent decoding

Si nce the DRED decoder is normative, we describe DRED fromthe
decoder perspective, but the encoder is expected to have the
correspondi ng behavior. DRED uses the sane range coder as the rest
of Opus, as described in Section 4.1 of [RFC6716]. Because the non-
entropy-coded bits (Q, dQ ...) do not amount to an integer numnber
of bytes, it is sinpler to code themusing the range coder. The
result is the same for those bits, but it ensures that the conplete
DRED payl oad is an integer nunber of bytes (which is inportant to
handl e the end condition).

The initial state and |atent vectors are handled in the sane way,
both coded one dinension at a time. For each dinmension, the decoder
uses the quantization tables to determne the _r_ and _pO_
paraneters. If r=0 or p0=255 for the current synbols and quantizer,
then no synbol is decoded and the decoded quanti zed value is O.

O herwi se, decodi ng proceeds as foll ows.

The first synmbol decoded deterni nes whether the quantized index is
zero, positive, or negative (in that order). The decoder uses the
pdf {2*p0_{i,q}, 256-p0_{i,q}, 256-p0_{i,q}}/512. |If the value is
non-zero, a second synbol is decoded. W start by generating an
"inverse cdf" in Q15
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/| 32768 ,if i <0

I

| MAX(7, 128*r _{i,q}) ,if i =0
icdf (i) = <

| MAX(7-i, (icdf[i-1]1*r _{i,q})//32768) , if 0 <i <7

I

\' 0 i>= 7

’

where // denotes the truncating integer division. The pdf is then
given by pdf[i] = icdf[i-1]-icdf[i]. [If the decoded synbol equals 7,
then another synbol is decoded and added to the 7 already decoded.
The process is repeated until the decoded synbol is different from?7.
At that point, the sign is applied and the decoded value is equal to
quanti zed_i ndex*256/s_{i, q}.

4. Conformance

As for the Qpus specification, we wish to allow the greatest possible
choi ce of freedomin inplenenting the DRED specification. For that
reason, conformance is defined through the DRED decoder only. The
two decoder conmponents -- the feature decoder and vocoder -- are
handl ed separately, and differently from each ot her

4.1. DRED Feature Decodi ng

DRED acoustic feature decoding is strictly defined. The decoder

i mpl ement ati on MJUST use the sanme weights provided in this
specification. The DNN wei ghts can be further quantized and the
exact inplenentation of the DNN arithnetic (including activation
functions) can be approxi mated, provided that they conply with the
following test. An alternate DNN nodel is not allowed, as it would
be easy to overfit a nodel to the test.

4.2. Vocoder

Wil e the vocoder that synthesizes the audio fromthe decoded
acoustic features isn't normative, defining how the vocoder behaves
hel ps defining the meaning of the features thensel ves.

We provide a set of test vectors where the input file contains
acoustic features and the corresponding original audio fromwhich the
features were conputed. To verify an vocoder inplenmentation, we wll
provide a tool [TBD] that conpares the vocoder output to the
reference output. The conparison thresholds are neant to accept any
vocoder that sounds sufficiently simlar. Al so, no waveformdonmain
conparison is possible since the acoustic features do not capture
phase information.
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The test vector material MJST NOT be used to train the vocoder since
there woul d be a risk of overfitting.

5. 1 ANA Consi derations

[Note: Until the | ANA perforns the actions described bel ow,

i mpl ementers should use 126 instead of 32 as the extension nunber.
Mor eover, the DRED payl oad tenporarily uses a two-byte prefix for
conmpatibility: a 'D character, followed by a version nunber
(currently 10).]

Thi s docunent assigns ID 32 to the "Qpus Extension |IDs" registry
created in [opus-extension] to inplement the proposed DRED extension

5.1. Opus Media Type Update

Thi s docunent updates the audi o/ opus nmedia type registration
[ RFC7587] to add the followi ng two optional paraneters:

ext 32-dred-duration: Specifies the nmaxi mum anmount of DRED i nformation
(in mlliseconds) that the receiver can use. The receiver MJST be
abl e to handle any valid DRED duration even if it does not nake use
of it. The sender MJUST NOT send nore than the specified amunt of
redundancy to avoid | eaking information beyond what the receiver
expects.

sprop- ext 32-dred-duration: Maxi mum amount of DRED information (in

m | liseconds) that the sender is likely to use. The received MJIST be
abl e to handle any valid DRED duration even if it does not nake use
of it. The sender MJUST NOT send nore than the specified amunt of
redundancy to avoid | eaking information beyond what the receiver
expects.

5.2. Mapping to SDP Paraneters

The nedi a type paraneters descri bed above map to declarative SDP and
SDP of fer-answer in the same way as other optional parameters in

[ RFC7587]. Regardless of any a=fmtp SDP attribute specified, the
recei ver MIJST be capabl e of receiving any signal

6. Security Considerations

When using a Selective Forwarding Unit (SFU), it is possible for the
DRED payl oad to include speech that woul d not otherw se have been
transmtted. For exanple, a new user joining rmay receive audi o that
was transmtted before themjoining. |If such behavior is a security
or confidentiality concern, then the SFU SHOULD use the ext32-dred-
duration and sprop-ext32-dred-duration paraneters to limt the anount
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7

7

of redundancy and/or tenporarily drop DRED payl oads when that coul d
| eak information.

As is the case for any nedia codec, the decoder nust be robust

agai nst malicious payloads. Sinmilarly, the encoder nust also be
robust to malicious audio input since the encoder input can often be
controlled by an attacker. That can happen through browser JS, echo,
or when the encoder is on a gateway.

DRED i s designed to have a conplexity that is independent of the
signal characteristics. However, there exist inplenentation details
that can cause signal -dependent conplexity changes. One exanple is
CPU treatenent of denornmals that can sonetines cause increased CPU

| oad and could be triggered by malicious input. For that reason, it
is inportant to minimze such inpact to reduce the inpact of DCS
attacks. Simlarly, since the encoding and decodi ng process can be
conputationally costly, devices nust nanage the conplexity to avoid
attacks that could trigger too nmuch DRED encodi ng or decoding to be
per f or med.

The use of variable-bitrate (VBR) encoding in DRED poses a
theoretical information |eak threat [ RFC6562], but that threat is
believed to be significantly | ower than that posed by VBR encoding in
the main Qpus payl oad. Since this docunent provides a way to
dymani cal ly vary the anpbunt of redundancy transmitted, it is also
possible to reduce the overall VBR risk of Opus by using DRED as a
way of making the total Cpus payl oad constant (CBR) or nearly

const ant ..
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