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Abst ract

Thi s docunent updates RFC6716 to add support for a scalable quality
| ayer.

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
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material or to cite themother than as "work in progress."

This Internet-Draft will expire on 8 January 2026
Copyri ght Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
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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.
Pl ease revi ew these docunents carefully, as they describe your rights
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extracted fromthis docunment nust 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.
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1. Introduction

Thi s docunent updates RFC6716 to add support for a scalable quality
extension layer. |Inplementations conformng to this docunment will be
referred to as Cpus HD

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. Scal able Quality Extension

The Opus codec was designed to operate at sanpling frequencies up to
48 kHz, with an audi o bandwidth up to 20 kHz. The CELT nobde that is
used for high bitrate coding uses vector quantization with a nostly
inmplicit bit allocation systemthat is dictated by the bitstream
definition. Opus can allocate up to 8 bits per MDCT bin in some of
t he bands.

Valin Expi res 8 January 2026 [ Page 2]



I nternet-Draft Scal abl e Quality Extension July 2025

Whil e Opus capabilities |listed above are sufficient to achieve
perceptual ly transparent audio coding, there is a use for codecs that
scal e beyond those specs. That includes the current nmarket for
24-bit/ 96 kHz codecs, but al so any application where the intended
recipient is not (only) a hunan being, e.g. ultra-sonic applications.

Thi s docunent proposes a scal able quality extension |layer that both
i ncreases the resolution of existing Qous quantizers bel ow 20 kHz,
and defines a way of codi ng audi o above 20 kHz, with a sampling rate
of 96 kHz. The extension is designed to be forward and backward
conpatible with [RFC6716]. Al extra bits use the Cpus extension
mechani sm defined in [opus-extension] and a 96 kHz decoder is
designed to decode a regular 48 kHz RFC 6716 stream and vice versa.

The code corresponding to this draft (work in progress) is available
on the exp_qgext26 branch of the Opus repository at
https://gitlab. xi ph. org/ xi ph/ opus/

2.1. Extended resol ution

To reduce the coding error, we need to increase the resolution for 3
different quantizers: the fine energy quantizer (scalar), the band
pyram d vector quantizer (PVQ, and the band splitting angle
quantizer. W also introduce a new cubic quantizer that scales to
hi gher bit depths than PVQ To preserve conpatibility, all of the
bits extending the Opus resolution are stored in the extension

payl oad.

2.1.1. Fine energy quanti zer

For each band we can increase the resolution of the fine energy
quantizer by adding extra bits. The extra bits are added in the same
way as the regular fine energy quantizer adds resolution on top of
the coarse energy quantizer

2.1.2. PVQ

From a si ze- K PVQ codebook in N di nensions we can create an extended
codebook of size u*K, where u is always odd and sel ected as 2"b-1,
where b is the extra depth. Let y i be the (integer) value for

di mension i of the size-K codebook and z_i be the correspondi ng val ue
for the size-u*K codebook. W define a refinement r_i = z_i - u*y_i
where |r_i|] < u. In the N=2 special case, |r_i|] < (u+l)/2. Only the
refinement r_i needs to be coded since the regular Qpus bitstream
already includes y_i. The last residual value r_{N 1} does not need
to be coded since it’s value can be inferred fromthe other val ues
and the know edge that the sum of the absolute values is u*K. The
only exception is when y_{N-1}=0, in which case, a single sign bit is
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coded, but the magnitude is still inferred.

Even though |r_i| < u, smaller values or r_i are nore likely, so we
benefit fromentropy coding r _i. W assune that the likelihood of

for |r_i| < (u+l)/2 is 7/8 and use that probability for decoding a

"large" flag. |If large=0, we decode b bits and and subtract u/2 to
get r_i. If large=1, we decode a sign bit, followed by an integer

with b-1 bits to which we add u/2+1 and apply the sign.
2.1.3. Angle quantizer

When using md-side stereo or when splitting a band, we code an angle
representing the atan of two sub-vectors’ magnitude ratio. The
standard Opus encoder can code angles with up to 8 bits. In a
simlar way to how we define the PVQ refinenent, we pick u = 2"b-1
where u is the nunber of (equidistant) extra quantization levels to
be added between each of the original levels. W code a unit synbol
between 0 and u-1, where 0 is alnost mid-point to the previous

(l ower) quantization level, u-1 is alnost mid-point to the next
(higher) level, and (u+l)/2 perfectly lines up with with the
originally selected quantization of the standard Opus | ayer.

2.1.4. Cubic quantizer

The existing Opus PVQ only scales up to 32-bit codebooks. For cases
where there is no PVQ in the base Opus |ayer, we define a new cubic
quantizer. Whereas the PVQ codebook is defined as a reflected

si mpl ex warped onto the unit sphere, the cubic quantizer warps an
N-di mensi onal cubic shell to the sane unit sphere. Cubic codewords
specify which face of the cube the vector lies on by coding the

di nension and sign of the |argest conponent (using 1+l 0g2(N) bits).
The face of an N-di nensi onal hyper-cube shell is a ful

N- 1- di mensi onal cube and can be coded with N-1 scal ar values fromO
to @1 ((NN1D)*log2(Q bits). W use even Q (Q@=27b) for non-transient
bands (B==1) and odd Q (Q=2"b-1) for transient bands (B>1).

2.2. Extended frequency range

To extend the audi o bandwi dth, we need to define nmore frequency
bands. Because psychoacoustics is no |onger involved past 20 kHz,

all new bands are defined to have a width of 2 kHz. Therefore, when
encodi ng 48-kHz content we add 2 extra bands and when encodi ng 96- kHz
content, we add 14 extra bands. A flag is encoded to specify whether
2 or 14 bands are added. The decoder uses that flag to know how many
bands to decode, regardl ess of whether decoding at 48 or 96 kHz.
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2.3. Bit allocation

The allocation of the extra bit depth b is explicitly signaled for
each band at a tine, using a resolution of 1/4 bit depth between 0
and a band-dependent cap C, where C=12 for bands up to 20 kHz, and
C=14 for the added bands. For band b_i, we use entropy coding to
give a higher probability to three different cases: b_i=0, b_i=C, and
b i=b {i-1}. |In the case where b_{i-1} is either 0 or C, we nerge
two of the probabilities. The ICDF for the general case is {120,

112, 70, 0}, where the first synbol neans b_i =0, the second neans

b i=C, the third neans b_i=b {i-1}, and the | ast synbol neans that
b i is equal to 1 plus a unit value coded fromO to C1. For b_{i-1}
= 0, we use the ICDF {64, 50, 0} and for b_{i-1}=C, we use {110, 60,
0}, where the | ast synbol always nmeans that a unit is coded. W
start with b_{-1} = 0.

Gven b_i, the nunber of extra energy bits is given by (b_i+3)/4.

The nunber of 1/8 bits (BITRES) allocated for PVQ refinement and/or
cubi ¢ codebook bits is given by (W1)*C* b_i * 8 + 2)/4, where Wis
the nunber of bins in the band and C is the nunber of channels.

2.4. Tinme-domain processing at 96 kHz

CELT includes two time-domain filter pairs that require updating for
96 kHz: the preemphasis/deenpahsis filters, as well as the pitch
prefilter/postfilter. The CELT deenphasis filter is currently
defined as D(z)=1/(1 - al*z"-1) for a 48 kHz signal, where
al=27853/32768. To obtain approximtely the same response in the
0-20 kHz range using a sanpling rate of 96 kHz, we instead use
D(z)=g*(1 - bl*z"-1)/(1 - al*z~-1), where g=5415/8192, b1=7209/ 32768,
al=30245/ 32768.

For the pitch pre-filter/post-filter, we use zero-insertion
upsanpling of the 48 kHz filters, which results in the sane frequency
response bel ow 24 kHz and a "fol ded" i mage above 24 kHz. For
example, if for a pitch period T (in 48 kHz units) the postfilter was
P(z)=1/(1 - a0*z"-T+1 - al*z"-T - a2*z~-T-1), then for the same
pitch, the 96 kHz filter becomes P(z)=1/(1 - a0*z"-2T+2 - al*z"-2T -
a2*z"-2T-2).

3. For mat

The extension payload is entropy-coded in the foll owi ng order
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| Symnbol (s) | PDF/ Description |
[5 eemesfomsbemsbesoe s esoe s esoe s ese s ess s es e fes e b os s esoe s esee s ess s s s fes e e
| 96 kHz fl ag | {1, 1}/2 |
e e +
| I'ntensity stereo | uint |
L T Fom e meemeeieeeeeceieemeaacaaas +
| Dual stereo | {1, 1}/2 |
o e e e e e e e e a oo - o e e e e e e e e e o +
| I'ntra coarse energy | {7, 1}/2 |
e e +
| Coarse energy (high bands) | |
T Fom e meemeeieeeeeceieemeaacaaas +
| Bit allocation | Section 2.3 |
o e e e e e e e e a oo - o e e e e e e e e e o +
| Fine energy (low bands) | Section 2.1.1 |
. . +
| PVQ refinenent | Section 2.1.2, Section 2.1.3

L T Fom e meemeeieeeeeceieemeaacaaas +
| Fine energy (high bands) | Section 2.3 |
o e e e e e e e e a oo - o e e e e e e e e e o +
| PVQ and cubi ¢ codebook | Section 2.1.4 |
| (high bands) | |
TS TS +

Table 1

4. Conformance

This section defines sonme tests for evaluating Opus HD confornance
The eval uations are based on test vectors, along with a custom nmade
compari son tool named gext_conpare and derived fromthe origina
opus_comnpare tool from RFC 6716

4.1. Decoder
For a decoder to conformto this specification, its output MJST be
within the specified bounds for all testvectors when conpared using
gext _compare. Two sets of testvectors are provided. The first,
gext _vectorOl. bit through gext_vector06.bit are high-quality 1024 kb/
s bitstreans for which the decoder target files are gext_vector0Ol.f32
t hrough gext vector06. f 32.
Using the reference decoder, a testvector can be decoded as:

% opus_denp -d 96000 2 -f32 gext vector01l.f32 gext _test0l.f32
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Then the output can be conpared to the reference with specific
t hreshol ds:

% gext _conpare -s -f32 -thresholds 0.05 0.1 0.1\
gext _vectorOldec.f32 gext _test01.f32

which will output "Conparison PASSED' if the tested decoder is close
enough to the target output.

The second set of testvectors are neant to test corner cases. The
bitstreamfiles are gext _vector01fuzz. bit through

gext _vector06fuzz.bit, the corresponding target files

gext _vector01fuzz.f32 through gext_vector06fuzz.f32. Those are
decoded in the sane way as the first set of testvectors, but the
compari son thresholds are | ooser

% gext _conpare -s -f32 -thresholds 0.1 0.5 1.0 \
gext _vector0ldecfuzz.f32 gext_test0lfuzz.f32

For the tested decoder to be deemed conpliant with this
specification, all testvectors fromboth sets MJST pass.

4.2. Encoder

It is RECOWENDED, but not mandatory for an encoder to conply with
the following criteria. Encoder testing involves encodi ng uncoded
testvectors, decoding themw th the reference decoder, and conparing
to the original uncoded files. The test is nmeant to evaluate
encoding at bitrates around 1 Md/s. For exanple, encoding at 1024
kb/s can be done with (nmay be different for the encoder being
tested):

% opus_deno -e audi o 96000 2 1024000 -f32 -chr -gext \
gext _vector0l1l.f32 gext_test01.bit

The resulting bitstreamthen needs to be decoded with the reference
i mpl ementation wth:

% opus_denp -d 96000 2 -f32 gext_testOl.bit gext_testOlenc.f32

The decoded output (fromthe tested encoder) can then be conpared
agai nst the reference original uncoded PCM

% gext _conpare -s -f32 -skip <N>\

-thresholds 0.1 0.5 <RMS t hreshol d> \
gext _vector01l.f32 gext_testOlenc.f32
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1.

where <RMS threshol d> for testvectors 1 through 6 are 5, 320, 20, 20,
40, and 5, respectively. The <N> value for the skip conpensates for
the encoder delay. For the "audio" encodi ng node, N=624 sanpl es.

For "restricted-Iowdel ay", N=240 sanpl es.

Because of the inherent linmitations of objective quality eval uation
metrics -- including the gext_conpare tool -- it is al so RECOMWENDED
to performa subjective evaluation of an encoder.

| ANA Consi der ati ons

[Note: Until the | ANA perforns the actions described bel ow,
i mpl emrenters shoul d use 124 instead of 33 as the extension nunber.]

Thi s docunent assigns ID 33 to the "Qpus Extension |IDs" registry
created in [opus-extension] to inplenent the proposed scal able
qual ity extension.

Security Considerations

Thi s docunent does not add security considerati ons beyond those
al ready docunented in [ RFC6716].

Ref er ences
Nor mat i ve Ref erences

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi renment Level s", BCP 14, RFC 2119,
DA 10.17487/ RFC2119, March 1997,
<https://ww. rfc-editor.org/info/rfc2119>.

[ RFC8174] Leiba, B., "Anmbiguity of Uppercase vs Lowercase in RFC
2119 Key Words", BCP 14, RFC 8174, DO 10.17487/ RFC8174,
May 2017, <https://www.rfc-editor.org/info/rfc8174>.

[ RFC6716] Valin, JM, Vos, K, and T. Terriberry, "Definition of the
Opus Audi o Codec", RFC 6716, DO 10.17487/ RFC6716,
Sept enber 2012, <https://www. rfc-editor.org/info/rfc6716>.

[ opus- ext ensi on]
Terriberry, T.B. and J.-M Valin, "Extension Fornmatting
for the Opus Codec (draft-ietf-m codec-opus-extension)",
Cct ober 2023.

Aut hor’ s Addr ess

Valin Expi res 8 January 2026 [ Page 8]



I nternet-Draft Scal abl e Quality Extension July 2025

Jean-Marc Valin

CGoogl e

Canada

Emai | : j eanmar cv@oogl e. com

Valin Expi res 8 January 2026 [ Page 9]



