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Abst ract

Thi s docunent proposes a set of requirenments for integrating a speech
codec enhancenent method into the Opus codec [ RFC6716]

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

Internet-Drafts are draft docunments 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 29 July 2026
Copyri ght Notice

Copyright (c) 2026 | 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 Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
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described in Section 4.e of the Trust Legal Provisions and are
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1. Introduction

Since the specification of the original Opus codec [ RFC6716], new

dat a-dri ven speech codec enhancenent nethods emerged whi ch outperform
cl assi cal enhancenent nethods by a |arge margin. Using such
enhancenment nethods to inprove the quality of the Opus speech codec
SILK requires an update of [RFC6716] since SILK is an enbedded coding
mode and changi ng the output of the SILK decoder will lead to a

viol ation of the Qous conformance criteria. The purpose of this
docunent is hence to update [RFC6716] to enable the use of a speech
codec enhancenent algorihm Specifically, this docunent defines the
notion of a SILK enhancenent algorithmand sets forth a list of

requi renents, sonme mandatory, sonme optional, that aimto ensure

(1) consistent performance of the enhancenent method itself,

(2) preservation of decoder performance (e.g. seanl ess node
swi tching), and

(3) preservation of basic interoperability when tuning the Qpus
encoder for use with an enhanced decoder.

Wiile the first two objectives target the Cpus decoder al one, the

third objective introduces new restrictions on the Qous encoder
However, these are not expected to interfer with any existing
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i mpl ement ati on of an Qpus encoder since they target potentia
interoperability issues arising fromnew incentives connected to the
possibility to enhance the Opus decoder

The approach of specifying requirenents instead of specifying the
enhancenment algorithmitself has the advantage of allow ng the OQpus
decoder to benefit fromfuture inprovenents in a field that currently

sees rapid development. Still, a description of the |inear-adaptive
codi ng enhancer (LACE) and its integration into the Opus decoder is
included as an illustrative exanple for a SILK enhancenent nethod.

1.1. Requirenents Language

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

2. An Illustrative Exanpl e

We use the |inear-adaptive coding enhancer (LACE) [l ace-paper] as an
illustrative exanple to highlight the specific challenges of
integrating a speech codec enhancenent nethod into the Cpus decoder
LACE is trained to enhance the output signal of the SILK decoder, the
speech codi ng node of Cpus, and Figure 1 depicts a high-Ileve
overvi ew of the Opus decoder with LACE added as an enhancenent

al gorithm

The first requirenent for a speech codi ng enhancenent net hod concerns
the performance of the nmethod itself. |In this exanple it relates to
the question how the SILK decoder output compares to the LACE out put.
In [l ace-paper] this has been eval uated on cl ean speech sanpl es using
a P.808 listening test [p.808] as well as the objective nethod PESQ
whi ch showed consistent inprovenent for all tested bitrates. For a
general enhancement nethod it will be necessary to specify testing
mat eri al and performance criteria to prevent unintended quality
degradation of the Opus codec.

The second requirenent concerns performance of the Opus decoder as a
whol e. Depending on the bitstreamthe decoder nmay have to perform
mode switching, e.g. between SILK and CELT, or it nmay conbine the

SI LK and CELT out puts when the codec operates in hybrid node.
Changes to the SILK output signal by an enhancement nethod, such as
added del ay, phase shifts, or level alterations can therefore
negatively inpact the perfornance of the Cpus decoder even if the
first requirenent is net. LACE solves this problem by adding no
del ay and by bei ng approxi mately phase and | evel preserving.
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Figure 1: A sinmplified Opus decoder diagramincluding LACE as
enhancenment nodul e
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4.

4.

4.

LACE has meanwhi |l e been superceded by the Non-Linear adaptive coding
enhancer (NoLACE) [nol ace-paper] which shares all basic properties of
LACE outlined above but provides higher quality. This stresses the
advant age of specifying requirenents for an enhancenent nethod over
specifying the nmethod itself.

Definition of a SILK enhancenent al gorithm

A SI LK enhancenent al gorithm denotes any al gorithmthat nodifies or
repl aces the output of the SILK decoder an exanple of which is
depicted in Figure 1. |If the decoder sanpling rate allows for a

hi gher bandwi dth than the encoded bandw dth, a SILK enhancenent

al gorithm may al so i ncrease the bandw dth of the output signal
replacing the resanpler in Figure 1, or it may nodify the comnbination
of a Sl LK-decoded wi deband signal with a CELT decoded hi ghband si gha
in hybrid node. However, it may not nodify the output of pure CELT
franes. A SILK enhancenent al gorithmthat extends the bandw dth of
the input signal will be referred to as extending, whereas a SILK
enhancenent al gorithm preserving the bandwi dth of the input signa
will be referred to as non-extending. Furthernore, an Opus decoder
including a SILK enhancenent algorithmw ||l be referred to as
enhanced decoder. Note however, that sinply resanpling the signal to
a higher sanpling rate is neither considered enhancenent nor

ext endi ng.

Qualification of a SILK enhancenent al gorithm
1. Ceneral requirenents
1.1. Subjective Eval uation

hjective netrics for quality evaluation have often proved unreliable
especially for evaluating completely new al gorithnms for processing
speech or audio signals. Therefore, any SILK enhancenent al gorithm
SHOULD undergo subjective evaluation before integration into the Qpus
decoder. For genuinely new algorithnms, it is RECOWENDED to perform
either an absolute category rating (ACR) or degradation category
rating (DCR) listening test according to [p.800] or [p.808], where
the test conditions SHOULD cover a relevant range of bitrates. For
nodi fi cations of previously tested algorithns, e.g. changing the size
of a LACE nodel or adding small tunings for quality inprovenent or
conplexity reduction, at least an informal subjective evaluation
SHOULD be carried out. Any enhancenent method SHOULD significantly

i mprove quality for at |east one encoder operating point while
showi ng no significant degradation for other operating points.
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4.1.2. Delay and Phase considerations

SILK i s approxi mately phase preserving and to avoid additional delay
and maintain usability for applications relying on phase infornmation,
any S| LK enhancenent al gorithm SHOULD al so be approxi mately phase
preserving.

4.1.3. Encoder Requirements

The Opus specification [ RFC6716] provides nuch freedom for encoding
an audi o signal and the presence of a powerful enhancenment nethod can
provide an incentive to use that freedomto produce bitstreans that,
when decoded with a | egacy Opus decoder, do not result in a
reproduction of the input signal anynore. To prevent this, the
followi ng requirement is added for an Qpus encoder that is designed
to be used with an enhanced Qpus decoder: if an Qpus encoder produces
a bitstreamthat can be decoded into a human-recogni zabl e
reproduction of the encoded signal with an enhanced Opus decoder,
then that bitstream MJST also result in a human-recogni zabl e
reproducti on of the encoded signal when decoded with a | egacy Opus
decoder.

4.2. Requirenents specific to non-extending SILK enhancenent al gorithns
for w deband speech

4.2.1. (bjective Eval uation

Every non-extendi ng SI LK enhancenent al gorithm for SILK decoded

wi deband speech signals MJUST pass all objective tests put forth in
this section. This collection of tests is designed to uncover najor
failure points of the tested algorithmthat could be due to inproper
design or training data, or due to inmproper integration into the opus
decoder. It is not designed to (and cannot) assess the quality of a
particul ar enhancenent nethod.

The tests are based on conparing a degradation score for audio
sanmpl es decoded froma list of bitstreanms contained in

htt ps:// nmedi a. xi ph. org/ opus/ietf/osce_testvectors_v0.zip (FI XMe: find
final location) to a reference degradati on score computed from audi o
decoded with a reference decoder. The exact reference decoder is
TBD. Each test corresponds to an encoder operating point and the
test nanmes follow the scheme

osce_t est Bl TRATE_BI TRATEMODE_FRAVES| ZEns_BANDW DTH_c COVPLEXI TY_MODE

wher e
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(1) BITRATE is either a nunber specifying the encoder bitrate in
bits per second or the string "SWTCH NG' indicating the bitrate
has been swi tched during encodi ng,

(2) BITRATEMODE is either vbr or cbr indicating variable bitrate or
constant bitrate encoding,

(3) FRAMESIZE is either 10 or 20,

(4) BANDW DTH specifies the nmaxi mal bandwi dth and is al ways WB for
this test (note however that the actual bandwi dth can be | ower),

(5) COWPLEXITY is a nunber fromO to 10 and specifies the encoder
compl exi ty,

(6) MODE refers to the coding node and is either "native" or
"celtswitching". |In "native" node, the encoder decision whether
to use SILK or CELT is based on signal classification whereas in
"celtswi tching" node the encoder has been forced to switch
between SILK and CELT at a fix rate.

The testvectors are further divided into groups, where each group
contains either speech sanples fromthe sane | anguage or dial ect, or
musi ¢ content. Each group CROUP is tested separately and the test is
passed if it is passed for every group. The bitstreans in TESTNAME/
GROUP foll ow the nami ng pattern CLI PNAME TESTNAME whi ch associ at es
each bitstreamuniquely with a reference signal reference_clips/

CLI PNAME. s16. For every CLIPNAME in GROUP | et REFMOC( CLI PNAME)
denote the reference degradation score stored in the YAML [ RFC9512]
file TESTNAVE/ ref erence_scores TESTNAME. yml under GROUP as primary
key and CLI PNAME as secondary key. Furthernore, |et

CLI PNAME test.s16 denote the signal decoded with the enhanced decoder
under test at a sanpling frequency of 16 kHz after del ay
conpensation. The degradation for the test signal CLIPNAME test.sl6
is calculated using the noc.py tool https://gitlab.xiph.org/xiph/
opus/ -/ bl ob/ osce-testing/dnn/torch/osce/ stndrd/ qualification/noc.py
(FI XME: nmoc shoul d be inplemented in C and PLC will require masking)
with reference signal path as first argunment and test signal path as
second argunent. The resulting degradation score will be referred to
as TESTMOC( CLI PNAME)

Fromthe reference degradati on score REFMOC(CLI PNAME) and the test

degradation score TESTMOC(CLI PNAME) a difference score is cal cul ated
according to
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4.

7

7

REFMOC( CLI PNAVE) - TESTMOC( CLI PNAME)

0.1 + REFMOC( CLI PNAVE)

To pass the test for group GROUP, the following two criteria MJST be
met :

(1) D(CLIPNAME) is larger than A for every CLI PNAME i n GROUP
(2) The average of D(CLI PNAVE) over GROUP is |arger than B.

The exact thresholds A and B are TBD. A test is passed if it is
passed for all groups in that test.

2.2. Requirenments specific to extending SILK enhancenent al gorithns
for w deband speech

Requi rements for SILK enhancenent al gorithns extending the bandw dth
of wi deband speech are TBD

| ANA Consi der ati ons

The decoder should be able to signal the presence of an enhancenent
met hod to the encoder over SDP. The exact nechanismis TBD and the
foll owi ng options are open for discussion

(1) wupdate audio/opus nedia type registration [RFC7587] to include a
par anet er speech_enhancenent with possible values 0 and 1

(2) assign an extension ID, e.g. 33, fromthe registry defined in
[ opus-extension] to inplenment speech codi ng enhancenent. This
has the advantage of a doubl e use, meaning the extension ID can
bot h be used to signal the decoder capability to the encoder and
for transmtting side informati on to guide a speech enhancnent
met hod fromthe encoder to the decoder. However, it needs to be
proven that side information is useful

(3) wupdate [opus-extension] to include extension |IDs beyond 127 for
dat a- | ess extensions

Security Considerations
TBD
Ref er ences

1. Nornmtive References
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