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1. Introduction

Thi s docunent updates RFC6716 to extend the Qpus codec (RFC6716) in a
way that maintains interoperability, while addi ng optional
functionality. Pre-existing decoders that conply with RFC6716 wil |
safely ignore these extensions. Extended decoders that conply with
this standard MJST behave identically to a non-extended decoder when
extensions are absent, ensuring backwards conpatibility.
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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] [RFCB174] when, and only when, they appear in al
capitals, as shown here

2. Ext ensi on For nat

The Opus paddi ng nechani sm provi des a safe way to extend the Qpus
codec while preserving interoperability and without having to
transmt any extra packets. [RFC6716] specifies that all padding
bytes "MJST be set to zero" by the encoder, while the decoder "MJST
accept any value for the padding bytes". |In that way, any non-zero
padding will indicate to an extended decoder that extensions are
present and can be processed. On the other hand, for any all-zero
paddi ng, the decoder will just discard the padding |ike any non-
extended decoder. A non-extended decoder receiving a packet with
extensions will sinply discard the extensions and proceed as if none
were present.

An instance of an extension is conposed of an "extension ID byte" and
an optional payl oad, which nmay be prefixed by an optional |ength
indicator, followed by O or nore bytes of extension data. Although
there is only one paddi ng region per Opus packet, each extension
instance is tied to an underlying OQpus frame, of which there may be
nore than one per packet. Extension instances are grouped by the
correspondi ng OCpus frane they are extending, starting fromthe first
frame, with frame separator extensions (Section 2.2) delineating the
boundari es between the extensions for each frane.

There are three types of extensions:

* Structural extensions (IDs 0, 1, and 2), which control extension
parsing, but do not inherently change the behavi or of a decoder
t hensel ves.

* Short extensions (IDs 3 through 31), which have either 0 or 1
byt es of extension data.

* Long extensions (IDs 32 through 127), which can have an arbitrary
nunber of extension data bytes.

An extension instance starts with an "extension |ID byte" that
contains a 7-bit 1D, as well as a binary flag L for length signaling.
L is the least significant bit of the extension ID byte, with the
upper 7 bits encoding the ID. For short extensions, L=0 neans that
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no data follows the extension ID byte, whereas L=1 neans that exactly
one byte of extension data follows. For |ong extensions, L=0 signals
that the extension data takes up the rest of the padding. In any

gi ven packet, this signal cannot appear nore than once. Conversely,
L=1 in a long extension signals that a |length indicator follows. The
followi ng byte contains a length value fromO to 254, or the specia
val ue 255, indicating that the length is 255 plus the | ength signal ed
fromthe next byte. The 255 case MAY repeat as long as the size of
the padding is not exceeded. Any possible buffer overflow is handled
by ignoring the of fendi ng extension (see Section 2.7).

For IDO (Original Padding), L=0 has the sanme neaning as for |ong

ext ensions, but L=1 signals a |length of zero (no I ength indicator or
extension data follows). For ID 1 (Frame Separator), the L flag has
the sanme meaning as for short extensions. For ID 2 (Repeat These

Ext ensi ons), the extension itself has no payload (for either L=0 or
L=1), but is used to signal that previously coded extensions are to
be repeated for subsequent Qpus frames. The payl oads of the repeated
extensions follow imedi ately after. See Section 2.3 for the details
of this process and for howthe L flag is to be interpreted.

0 1 2 3
01234567890123456789012345678901
I S i o T s S S S e s s T
| I D | L] Length (opt.) | extension data... |
il s ST I S S I S T T S |

|

i e R i e i i i e i i St S N e S
Figure 1: Extension fram ng

A decoder MJST ignore any extension it does not support, decoding the
rest of the packet as if the extension was not present.

Additionally, a decoder MAY ignore any other extension even if it
technically supports it. An encoder MJUST NOT alter the way it
encodes the non-extension part of an Opus packet in such a way as to
noti ceably reduce its quality when decoded with a non-extended
decoder.
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A given extension | D MAY appear nultiple tinmes. The ordering of

ext ension instances within each Cpus frane is significant (see
Section 2.2). A particular extension ID definition MAY place further
restrictions on the count and the ordering of these extensions

i nstances (see Section 3). Reordering of extension instances between
Qous frames caused by the repeat nechanismis not significant, and an
ext ended decoder MUST treat repeated extensions as equivalent to the
same extensions coded individually (see Section 2.3).

2.1. IDO0: Oiginal Padding

For conpatibility reasons, an I D of 0 neans that the renaining
content of the padding is actual padding, as originally defined in

[ RFC6716]. As in its original definition, the padding bytes MJST be
set to zero by the encoder, while the decoder MJST ignore any non-
zero padding. In the case where the L flag is set, the extension ID
byte (0x01) is sinply skipped, and extension decodi ng continues from
the next byte. This allows inserting padding one byte at atinme in a
way that would not be possible if an explicit padding length were
coded instead (that woul d make L=1 padding require at |east two
bytes, and appending a L=0 padding m ght require signaling a multi-
byte I ength indicator for a preceding | ong extension that woul d not
ot herwi se be necessary, both causing the packet size to increase by
nore than one byte).

2.2. 1D 1: Frame Separator

In the case where multiple Qous franes are packed inside the sane
packet, franme separators specify which extension instance(s) are
associated with which frames. An extension instance with ID=1 acts
as a separator between extension instances fromdifferent Opus
frames.

By default, extension instances are associated with the first Opus
frane in the packet (frane 0). Wen parsing sequentially, any tine a
separator with L=0 is encountered, the associated frane index is
incremented by one. If L=1 is used, the follow ng payl oad byte

i ndi cates the anpbunt by which to increnent the frame index. The
frame i ndex MJUST NOT exceed the nunber of frames in the packet m nus
one (i.e., indexing starts at zero), regardless of howit is

i ncremented. The decoder MJST ignore all extension instances

associ ated with an out-of-bounds franme i ndex (see Section 2.7).
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2.3. |ID 2: Repeat These Extensions (RTE)

In the case where nultiple Qous frames are packed inside the sane
packet, the Repeat These Extensions (RTE) extension can reduce the
over head of coding extension IDs and frane separators when the
extensions in the current franme al so appear in every subsequent frame
(al beit, possibly with different payloads). An extension with |D=2
acts as a signal to repeat all of the non-padding (1D=0) extensions
foll owi ng the nost recent of

* The start of the packet, or
* A frane separator (ID=1) with a non-zero increnment, or
* A preceding RTE extension (1D=2), if any.

Paddi ng extensions are not repeated, nor is any frame separator with
an increment of 0 (which acts as another form of padding).

Ext ensi ons preceding a frame separator with an increnent of zero do
get repeated, as they still belong to the current frane. An RTE

ext ensi on MAY appear multiple tines in the sane franme. Only the
extensions that follow the nost recent RTE (if any) are repeated by a
subsequent RTE.

The RTE extension itself has no payload, but it is imediately

foll owed by the payl oads of new instances of the repeated extensions.
The payl oads for all of the repeated extensions for the next frane
conme first, followed by those of the frane after, etc. The extension
I D byte corresponding to each payload is inplicit and not coded: only
the length (if needed) and the subsequent extension data are coded.
An RTE extension MAY appear in the last frame. |In this case, no

ext ensi ons are repeated.
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For short extensions, the repeated extension payl oads use the sanme L
flag as the instance of the extension being repeated. |If the length
of a short extension needs to change between franes, this repeat
mechani sm cannot be used to signal that. Al repeated | ong extension
payl oads except the final instance of the |last repeated |ong
extension in the last frame are coded as if with L=1 (using an
explicit length indicator). The final repeated | ong extension

payl oad is coded with the L flag specified by the RTE extension. In
the case that the RTE extension specifies L=0, and the |ast repeated
|l ong extension is followed by one or nore repeated short extensions
with a payload, then the final |ong extension does not consune the
rest of the padding as normal, but |eaves enough room for the

payl oads of the repeated short extensions that follow If there is
not enough roomfor the repeated short extensions that follow, even
if the length of the final |ong extension were set to zero, then that
extension instance and all remaining paddi ng data MJST be ignored by
the decoder (see Section 2.7).

If the RTE extension uses L=1, then extension codi ng continues
afterwards with the sane frame i ndex as the RTE extension. This
allows a frame to contain both repeated and non-repeated extensions.
This al so neans that the conplete collection of extension instances
for a given frame mght not all be contiguous in the packet. |If the
RTE extension uses L=0, but the repeated extensions did not contain a
| ong extension, then extension coding continues afterwards with the
franme index follow ng that of the RTE extension (as if an L=0
separator had been coded). |If an RTE extension with L=0 appears in
the last frane, then the rest of the padding (if any) MJST be set to
zero by the encoder, and the decoder MUST ignore any additional non-
zer 0 paddi ng.

2.4. |1Ds 3-119: Unassigned

These extensions are to be defined in their own respective docunents,
and the IDs are to be assigned by | ANA.  The neaning of the L flag is
al ready defined for all of these unassigned |Ds because a decoder
must know how to skip extensions it does not support. Due to the
potential for interaction between extensions, new extensions are to
be assigned with the "Standards Action” policy defined by [ RFC83126].

2.5. |Ds 120-126: Experinental

We reserve these 7 IDs for experinmental extensions, such that
extensions defined in Internet-Drafts can be tested before
publication as an RFC wi thout causing possible interoperability

i ssues should their bitstreamdefinitions change. When using an
experinental ID, it is RECOWENDED to use a two-byte prefix that
attenpts to encode an experinment nunber (first byte) and a version
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nunber (second byte). Experinmental extension docunments SHOULD
attenpt to choose an experinent nunber that does not collide with
ot her ongoi ng experinents.

2.6. | D 127: Extended Extensions

The last IDis reserved for future extensions to the extension
mechanism As with all other |ong extensions, the neaning of the L
flag is pre-defined to ensure decoders can skip extended extensions
they do not support. The contents of the payload for this extension
will be defined by a future specification

2.7. Discard Wien CQut-of - Bounds

Any extension signaled with a I ength that woul d cause the decoder to
read beyond the bounds of the packet MJST be ignored by the decoder
Thi s includes short extensions as well as long, and for |ong
extensions also includes the case where the length itself cannot be
fully decoded wi thout readi ng beyond the bounds of the packet. It

al so includes the case where the packet does not contain enough
paddi ng for the payl oads of extensions repeated by the RTE extension
(1D=2).

Simlarly, any extension signaled with a frame index greater than or
equal to the number of Qpus frames in the packet MJST be ignored by
t he decoder.

3. | ANA Consi derati ons
Thi s docunent defines a new registry, "QOpus Extension IDs," in a new
"Cpus" group, that allocates individual IDs to individual extensions
to be defined in the future.
Regi stry Name: Opus Extension |IDs
G oup: Opus
Value: 0...127 (7-bit)
Regi stration Policy: "Standard Action"
Regi stration tenplate MJST include: |D, description, any

restrictions on multiplicity or ordering, extension interaction

notes, any nedia type paranmeters, and security considerations
reference

Terriberry & Valin Expires 9 May 2026 [ Page 8]



I nternet-Draft Qpus Ext ension Noverber 2025

The existing "Opus Channel Mapping Families" registry will also be
moved to the newly created "Qpus" group. Moreover, this docunent
al ready defines the follow ng IDs:

[ el sl e el
| Extension | Description | Reference |
| ID I I I
| O | Original | Defined in Section 2.1 |
| | Paddi ng | |
Fom e oo s e +
| 1 | Frame | Defined in Section 2.2. |
| | Separat or | |
N S o m e e e e e e e e e e e e e emamao - +
| 2 | Repeat These | Defined in Section 2.3. |
| | Extensions | |
Fom e oo s e +
| 3-119 | Unassi gned | To be assigned with the "Standards |
| | Action" policy [RFC8126] |
N S o m e e e e e e e e e e e e e emamao - +
| 120-126 | Experinmental | Defined in Section 2.5, follow ng the

| | | "Experimental Use" policy [ RFC8126]

Fom e oo s e +
| 127 | Extended | Reserved in Section 2.6 |
| | Extensions | |
N S o m e e e e e e e e e e e e e emamao - +

Table 1

For forward conpatibility, any extension MJST use the definition of
the L flag dictated by its ID value (see Section 2). Extension
definitions MIUST specify whether or not it is permtted for the
extension to appear nmultiple times for a given Qous frame within the
packet .

3.1. Opus Media Type Update

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

extensions: specifies a comua-separated |ist of supported extension
I Ds on the receiver side.

spr op- extensi ons: specifies a comma-separated |ist of supported
extension I Ds on the sender side.
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extN-*: To facilitate paraneter forwardi ng, extension docunent that
require receiver extension parameters SHOULD name them "ext",
foll owed by the extension ID, a hyphen, and the paraneter nane.

sprop-ext N-*: Extension-specific sender-side paraneters defined
simlarly as above.

Al nanes starting with "ext" and "sprop-ext" are reserved for use by
Qous extensions. Unknown extN-* and sprop-extN-* paraneters MJST be
i gnored unless extension IDNis included in the corresponding list.

Structural extensions (IDs 0, 1, and 2) MJST be supported by any
recei ver that recogni zes Qpus extensions. They do not need to be
included in the extensions or sprop-extensions lists.

The following is the formal Augnented Backus- Naur Form ( ABNF)
[ RFC5234] syntax specifying the paraneters described above.

; DIA@T defined in RFC5234
EXTENSION-I D = 9%31-39 *2DIGA T
EXTENSI ON- LI ST = EXTENSION-1D *("," EXTENSI ON-1 D)
ext ensi ons = EXTENSI ON- LI ST
sprop- extensi ons = EXTENSI ON- LI ST
;. ALPHA defined in RFC5234
ext-paramnanme = "ext" EXTENSION-ID "-" 1*114(ALPHA/ DIG T/ "-")
sprop-ext-param nane = "sprop-ext" EXTENSION-1D "-"
1*114(ALPHA / DIGT / "-")

Figure 2: Media Type Paraneter ABNF
3.2. Mapping to SDP Paraneters

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

[ RFC7587]. The nmedi a-1evel fornmat paraneters described in this
docunent MUST be explicitly specified and MJST NOT be carried over
blindly from another offer or answer. Regardless of any a=fntp SDP
attribute specified, the receiver MIST be capable of decodi ng any
unknown or non-negoti ated extensions, even if the negotiation fails.

4. Security Considerations

Thi s docunent does not add security considerati ons beyond those

al ready docunented in [ RFC6716]. W repeat for enphasis that

i mpl ement ati ons of these extension mechani sms need to be robust

agai nst malicious payloads. Malicious payloads nust not cause a
decoder to overrun its allocated nmenory or to take an excessive
anount of resources to decode. Future Qpus extensions nmay have their
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own security inplications.
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Appendi x A,  Exanpl es

Thi s appendi x gi ve sone exanpl es of extensions, their payl oads, and
the correspondi ng encoded bytes stored in the padding of an Qpus
packet. Both long and short extension IDs are used to illustrate
their encodings, but no experinental range is defined for short
extensions. The exanpl es here are exanples only, and should not be
taken as valid encodings of real extensions using those IDs, which
may yet be defined el sewhere.

Al'l of the exanples here are for a 60ns Qpus packet with 3 x 20ns

Qous franmes. They are created by encoding different subsets of the
following list of extension |IDs and payl oads:
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B el s ool oo e el e pe e e
| Index | ID | Frame | Data | (Length) |
[ i s el el s fems el e e e s e
| 0 | 28 | O | "a” | 1 I
+------- +----- +------- L i I +
| 1 | 28 | 1 | "b" | 1 I
+----- - +----- +----- - I i R +
| 2 | 28 | 2 | "c” | 1 I
+------- +----- +------- F-- - - - - - F--- - - +
| 3 | 29 | O | "d” | 1 I
+------- +----- +------- L i I +
| 4 | 29 | 1 I | 0 I
+----- - +----- +----- - I i R +
| 5 | 29 | 2 I | 0 I
+------- +----- +------- F-- - - - - - F--- - - +
| 6 | 120 | 2 | "EOex2" | 5 |
+------- +----- +------- L i I +
| 7 | 120 | 1 | "EOex" | 4 |
+----- - +----- +----- - I i R +
| 8 | 30 | 1 I | 0 I
+------- +----- +------- F-- - - - - - F--- - - +
| 9 | 30 | 2 I | 0 I
+------- +----- +------- L i I +
| 10 | 31 | 2 | "f" | 1 |
+----- - +----- +----- - I i R +
| 11 | 31 | 1 | "e" | 1 |
+------- +----- +------- F-- - - - - - F--- - - +
| 12 | 120 | 1 | "EOexanple" | 9 |
+------- +----- +------- L i I +
Tabl e 2

For ease of constructing the exanples, the entries in the table are
not ordered by frame. Wen validating the results of parsing any of
these exanmpl es, the order of the extensions within a frame should
match their order in this table, even if they are not contiguous in
the table.

Al. Example 1
{0x39, 0x61}
Figure 3: Encoding of index 0 (2 bytes)
This illustrates the basic encoding of a short extension with a
1-byte payload into two octets. The extension ID (28) is conbined

with the L-flag (1) into the decinmal value 2*28 + 1 = 57 (hex 0x39).
The payl oad byte is encoded as-is.
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A 2. Exanmple 2
{0x39, 0x61, 0x02, 0x39, 0x62}
Figure 4: Encoding of indices 0...1 (5 bytes)

This illustrates the encoding of two extensions in different franes.
A frame separator (I1D=1, L=0, hex encodi ng 0x02) separates the

ext ensi ons for each frame. Even though these extensions share the
sanme | D, the repeat nmechani sm cannot be used, because the packet has
three frames, and the extension is not present in the last frane.

A. 3. Example 3
{0x39, 0x61, 0x04, 0x62, 0x63}
Figure 5: Encoding of indices 0...2 (5 bytes)

Once the extension is also included in the |ast frane, the repeat
mechani sm can be used (1D=2, L=0, hex encoding 0x04). This encoding
has the sane | ength as the previ ous exanple, even though we added an
extra byte of payload, thanks to the savings fromnot having to
signal the extension ID repeatedly or the franme separators.

A 4. Example 4
{0x39, 0x61, 0x05, 0x62, 0x63, 0x3B, 0x64}
Figure 6: Encoding of indices 0...3 (7 bytes)
This shows both a repeated extension and a non-repeated extension in
the sane packet. The payl oads for the repeated extension in
subsequent franes are encoded i medi ately, and only afterwards is the
non-repeat ed extensi on encoded. The repeat indicator (ID=2) now
needs the L flag set to 1 (hex encoding 0x05), to indicate that nmay
be additional extensions in the current (first) frane. No frane
separators are required here.
A.5. Example 5
{0x39, 0x61, 0x05, 0x62, 0x63, 0x3B, 0x64, 0x02, O0x3A}
Figure 7: Encoding of indices 0...4 (9 bytes)
Addi ng anot her instance of the second extension to the next, we stil

cannot use the repeat nechanismwith it, and now do need a frane
separ at or.
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A.6. Example 5
{0x39, 0x61, 0x05, 0x62, 0x63, 0x3B, 0x64, 0x02, Ox3A, 0x04}
Figure 8: Encoding of indices 0...5 (10 bytes)
Now we do have the same two extensions in all three franes, but
initially we cannot repeat the |D=29 extensions, because they are
short extensions and the L flags do not match in all the franes.
After the first frane, the L flags do match for the renmining franes,

and we can use a repeat to save having to code another frane
separator. The followi ng encoding is also valid, if inefficient:

{0x39, 0x61, 0x05, 0x62, 0x63, 0x3B, 0x64, 0x02, O0x3A, 0x04, 0x04, 0x00}
Figure 9: Encoding of indices 0...5 (12 bhytes)
Here an additional repeat has been signaled in the last frame, but
there are no new extensions to repeat (also there are no subsequent

franes to repeat themin). The extra trailing Ox00 byte, and any
addi tional bytes, are ignored.

A 7. Example 6

{0x39, 0x61, 0x05, 0x62, 0x63, 0x3B, 0x64, 0x02,
O0x3A, 0x04, OxFO, 0x45, 0x30, 0x65, 0x78, 0x32}

Fi gure 10: Encoding of indices 0...6 (16 bytes)
Now we add a | ong extension. Because the only extensions in
subsequent franes have al ready been signal ed using the repeat

mechanism it can be encoded with L=0 to indicate its payl oad takes
the rest of the packet and to avoid signaling a |ength.

A.8. Example 7
{0x39, O0x61, 0x05, 0x62, 0x63, 0x3B, 0x64, 0x02,
0x3A, OxF1, 0x04, 0x45, 0x30, 0x65, 0x78, 0x04,
0x45, 0x30, 0x65, 0x78, 0x32}

Figure 11: Encoding of indices 0...7 (21 bytes)
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By adding a long extension with the sanme IDto the last frane, we can
now use the repeat mechanismto repeat multiple extensions at a tine.

The first instance of the |ong
encodi ng 0x04).

0x04). The fina
| engt h:
encoding is also valid:

{0x39, 0x61, 0x05, 0x62, 0x63,
0x3A, OxF1, 0x04, 0x45, 0x30,
0x04, 0x45, 0x30, 0x65, 0x78,

Fi gure 12: Encoding

Here a padding byte (1D=0, L=1
Since it

before the second repeat.

repeated. Additionally,

{0x39, 0x61, 0x05, 0x62, 0x63,
0x02, O0x3A, 0x05, OxFl1, 0x04,
0x78, 0x01, 0x04, 0x45, 0x30,

Fi gure 13: Encoding

Here we have inserted two extra repeat
In the first case,

encodi ng=0x05) .
repeat, so this sinply acts as
second case,

now al |
i nstead of being interleaved.

A.9. Example 8

{0x39, 0x61, 0x05, 0x62, 0x63,
Ox3A, OxF1, 0x04, 0x45, 0x30,
0x05, 0x45, 0x30, 0x65, 0x78,

Fi gure 14: Encoding

Now we add anot her short extension to the second frane.
we can no |l onger skip coding the length for the fina

A.10. Exanple 9

{0x39, 0x61, 0x05, 0x62, 0x63,

Ox3A, OxF1l, 0x04, 0x45, 0x30,
0x04, 0x45, 0x30, 0x65, 0x78,

Terriberry & Valin

Then an L=0 repeat
i nstance of the |ong extension does not
its payl oad consume the rest of the packet.

we now have nultiple repeats in the same frane.
short extensions being repeated (1D=29, L=0) had payl oads,
come before the payloads for the | ong extensions (ID=120),

Expires 9 May 2026

extension requires a length (hex

i s signaled (hex encodi ng al so
require a
The fol |l owi ng

0x3B, 0x64, 0x02,
0x65, 0x78, 0x01,
0x32}

of indices 0...7 (22 bytes)

hex encodi ng 0x01) has been inserted
is padding, it does not get

this encoding is also valid:

0x05, 0x3B, 0x64,
0x45, 0x30, 0x65,
0x65, 0x78, 0x32}
of indices 0...7 (24 bytes)

indicators (I1D=2, L=1, hex
there are no new extensions to

In the

If the
they woul d

anot her form of paddi ng.

0x3B, 0x64, 0x02,
0x65, 0x78, 0xO05,
0x32, 0x3C

of indices 0...8 (23 bytes)

Thi s means
| ong ext ensi on.

0x3B, 0x64, 0x02,
0x65, 0x78, 0x3C,
0x32}
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Fi gure 15: Encoding of indices 0...9 (22 bytes)

However, if the sane short extension is also included in the third
franme, we can repeat them both. Now we are once again able to avoid
coding the length for the final |ong extension, even though it is
foll owed by a short extensions, because the length of the payl oads
for those short extensions is known. This actually reduces the
encodi ng | ength conpared to the previous exanple. The follow ng
encoding is also valid:

{0x39, 0x61, 0x05, 0x62, 0x63, 0x3B, 0x64, 0x02,
Ox3A, OxF1, 0x04, 0x45, 0x30, 0x65, 0x78, 0x03,
0x00, Ox3C, 0x04, 0x45, 0x30, 0x65, 0x78, 0x32}

Figure 16: Encoding of indices 0...9 (24 bytes)

Here we have inserted a franme separator (ID=1, L=1, hex encoding
0x03) with a frame increment of zero (hex encoding 0x00). This is
treated as paddi ng and does not change whi ch extensions get repeated.

A 11. Exanple 10

{0x39, 0x61, 0x05, 0x62, 0x63, 0x3B, 0x64, 0x02,
Ox3A, OxF1, 0x04, 0x45, 0x30, 0x65, 0x78, 0x3C,
0x05, 0x05, 0x45, 0x30, 0x65, 0x78, 0x32, 0x02,
0x3F, 0x66}

Figure 17: Encoding of indices 0...10 (26 bytes)

Here we have added another short extension to the last frame. W
cannot use L=0 on the final repeat indicator to skip a franme
separator, because our repeated extensions included a | ong extension

A . 12. Exanple 11

{0x39, 0x61, 0x05, 0x62, 0x63, 0x3B, 0x64, 0x02,
0x3A, OxF1, 0x04, 0x45, 0x30, 0x65, 0x78, 0x3C,
0x3F, 0x65, 0x04, 0x45, 0x30, 0x65, 0x78, 0x32,
0x66}

Fi gure 18: Encoding of indices 0...11 (25 bytes)

However, if we add the short extension in both of the final two
franes, we can use L=0 on the final repeat indicator, even though the
subsequent short extensions have a payload byte. |In this case, the
final byte ("f", hex encoding 0x66) is the payload of that short
extension in the final frame, and not part of the |ong extension,
even though no | ength was encoded for the final |ong extension. This
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i s possi bl e because we know i n advance which short extensions are
bei ng repeated, so we know how many bytes to reserve for their

payl oads at the end. Again, we have added an extension and even
anot her payl oad byte, but our encoding is shorter than the previous
exanpl e.

A 13. Exanple 12

{0x39, 0x61, 0x05, 0x62, 0x63, 0x3B, 0x64, 0x02,
Ox3A, OxF1, 0x04, 0x45, 0x30, 0x65, 0x78, 0x3C,
Ox3F, 0x65, 0x05, 0x05, 0x45, 0x30, 0x65, 0x78,
0x32, 0x66, 0x02, OxFO, 0x45, 0x30, 0x65, 0x78,
0x61, Ox6D, 0x70, 0x6C, 0x65}

Figure 19: Encoding of indices 0...12 (37 bytes)

Now, we add another extension to the last frame. Even though the
final repeated extension is a short extension, we cannot use L=0 on
the repeat to skip a frane separator, because it also repeated a | ong
ext ensi on. However, the follow ng encoding is also valid:

{0x39, 0x61, 0x05, 0x62, 0x63, 0x3B, 0x64, 0x02,
0x3A, OxF1l, 0x04, 0x45, 0x30, 0x65, 0x78, 0x3C,
Ox3F, 0x65, 0x05, 0x05, 0x45, 0x30, 0x65, 0x78,
0x32, 0x66, 0x04, OxFO, 0x45, 0x30, 0x65, 0x78,
0x61, 0x6D, 0x70, 0x6C, 0x65}

Fi gure 20: Encoding of indices 0...12 (37 bytes)

Here, the final frame separator (ID=1, L=0, hex encodi ng 0x02) has
been replaced by a repeat indicator (I1D=2, L=0, hex encodi ng 0x04).
Because there have been no new extensions to repeat since the
previous repeat indicator, this nmerely increments the current frame
i ndex the sane way that a franme separator woul d.
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