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Abst ract

Thi s docunent describes a mechani smfor signaling which video franes
have been received and decoded by a renote peer. It conprises an
RTCP feedback message and an RTP header extension used to request
sai d feedback.

One of the main use cases for this data is to inplenent various forns
of Long Term Reference (LTR) reference structures.

About Thi s Docunent
This note is to be renoved before publishing as an RFC

The latest revision of this draft can be found at

https://github. com sprangeri k/frame-acknow edgenent /bl ob/ mai n/ draft -
sprang- avt cor e-frame- acknow edgenent. nd. Status information for this
docunent nay be found at https://datatracker.ietf.org/doc/draft-

spr ang- avt cor e-f ranme- acknow edgenent /.

Di scussion of this docunent takes place on the avtcore W5 Wrking
Goup mailing list (mailto:avt@etf.org), which is archived at
https://datatracker.ietf.org/wy/avtcore. Subscribe at
https://ww.ietf.org/mailman/listinfo/avt/.

Source for this draft and an issue tracker can be found at
https://github. com sprangeri k/frame-acknow edgenent.

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 documents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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1.

Author’'s Address . . . . . . . . . . . . . . . . . .. ... ... 12
I nt roduction

The nost common way for realtine video to be transnmitted is to encode
a pretty nuch fixed scalability structure, such as those in the WBC
[SVC] Scalability node list.

In such a scenario, the video encoder produces frames "blindly"

wi t hout real know edge of what state the renpte receiver is in.
Usi ng recovery nechani sns such as retransm ssion, forward error
correction and fast-forwarding past skippable frames the receiver is
assuned to be able to decode the video. In sone cases those nethods
may not be enough, requiring keyframe requests to be sent as a | ast
resort.

On the other hand, if the encoder is able to reason about which
franes have been received and decoded it can be nore proactive. One
way is to store franes that are known to be received so that they can
be |l ater used as guaranteed good references in the case of e.g. |large
| oss events, avoiding the need for potentially |arge retransm ssions
etc. Collectively this is often referred to as "Long Term Reference"
structures or LTR for short, although the exact structure nmay vary.

In order to achieve this the sender nust be able to reason about the
state of the receiver, necessitating the need for feedback signals.
In this document a new RTCP nessage called "Frame Acknow edgenent™ is
i ntroduced as a codec agnostic feedback nessage for this purpose.
Further, an RTP header extension is introduced that allows the sender
to actively request feedback on decoding of the associated frane.
This allows the sender to both request quick feedback on frames that
are inportant for |atency, and enables resilience against |oss of

f eedback packets.

Note that it is allowed to report a frane as decoded even if the
decode process is not conplete - as long as the receiver guarantees
that it will attenpt to decode the frame. The rationale for this is
that we want to reduce the feedback delay as nmuch as possible.
Shoul d the decoding of a frane that has been acknow edged fail, then
the receiver MJST request a keyfrane to recover, even if the failed
decodi ng bel ongs to a droppabl e | ayer
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2. Conventions and Definitions

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

For the purposes of this docunent, a "frame" is defined as any
decodabl e unit of bitstreamdata that results in the update to the
codec state (e.g. reference buffers, entropy tables, etc) that can be
used as a reference for any subsequent decodable unit of bitstream
data. Typically that will be a full frane, but also include cases
such as a "no show' frame intended for later reference or even a part
of a frame such as a tile or a slice if it is independently decodabl e
and nakes updates to encoder state that other tiles/franmes can |ater
ref erence

3. Applicability

Frame Acknow edgenent can be used for video streans in nost
topologies. It is also designed to be codec agnostic.

In terms of [ RFC7667], Point-to-Point is the most straightforward
target as it is easiest to reason about a single receiver. A Media
Transl ator or other systens that include a decoder are simlarly easy
- fromthe perspective of the sender the mddle box is the receiver

If a Transport Translator is used for Point-to-Milti-Point, then the
m ddl ebox nust nake sure to nake valid translations. See section on
Frame |1 D considerations (Section 8) bel ow.

4. Existing Feedback Formats

Thi s section provides an overview, for informational purposes, of
some existing feedback formats that could be seen as alternatives.

NACK, defined in [RFCA585], provides only requests for packets the
receiver is interested in having retransmtted. Absence of feedback
is a poor signal for acknow edgenent, especially since said feedback
can be | ost.

[ RFC8888] and [ TWCC] provi de per-packet acknow edgenment and so are
more useful. A mapping from packet(s) to frame needs to happen but
that is not a big problem However, even if a frane is confirmed to
be received there is no guarantee that it gets decoded.
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Ref erence Picture Selection Indication (RPSI) is another existing
message, but it puts the logic of requesting a particular reference
frame in the receiver - significantly conplicating the system
especially in Point-to-Miulti-Point systens. It is further codec
specific, and several npbdern codecs |lack a specification - including
AVl and H. 266

Loss Notification [LNTF] was a proposed RTCP nmessage intended to

sol ve nost of these problens, but it |acks resilience against |oss of
f eedback and al so cannot handl e out-of -order acknow edgenents. The

| atter nakes for instance single-SSRC simulcast structures (e.g. SxTx
nmodes in [SVC]) inpossible.

5. Requirements

The nessages in this proposal are intended to fulfill the follow ng
requirenents:

1. Codec agnostic The protocol should be general enough to work
across all current and future codecs.

2. Payload Invariant The protocol should not depend on data within
the encoded bitstream payl oad. That includes codec specific
frane identifiers, feedback requests and feedback nessages.

3. Uses Frane ldentifiers Explicit marking of frames, rather than
using an indirection via packets.

4. Oder Invariant The format should not nmake assunptions about the
requi red decode order of franes.

5. Send-side Controlled The sender explicitly indicates when and for
whi ch franes feedback shoul d be sent.

6. Loss Resilient The sender should be able to detect and recover
fromlost feedback nmessages.

7. Low Delay The | atency should be small, with the sender being able
to tune delay vs rate tradeoff.

8. Low Overhead The network overhead in terns of both packet rate
and bitrate should be m ninized.

Spr & ng Expires 13 April 2026 [ Page 5]



I nternet-Draft Vi deo Frame Acknow edgenent Cct ober 2025

6

6
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Frame Acknow edgnent Extension

The Frame Acknow edgenent extension is an RTP header extension used
both to identify franes and request feedback about the renpte state.
It SHOULD appear on the | ast packet of a video frame, and MJST NOT
appear nore than once on a single frane.

Frame ldentifier

In order to request and receive informati on about decoded franes, we
must be able to identify them The frame acknow edgenent header
extension may contain a Frane ID field for this purpose. The Frane
IDis an 8-bit unsigned integer field, that waps around to 0 on
over fl ow.

Frame Acknow edgnent Request

In order to get feedback on the state of the renote decoder, the
sender actively requests such feedback using the sane frame

acknow edgenent header extension that is also used for frame
identification. The feedback request conprises a Start Frane |ID and
Length field. Specifying the range explicitly has severa

advant ages, including enabling reliable delivery of the feedback
since the sender can effectively nake retransm ssion requests of the
f eedback.

If a new Frame Acknow edgenent Request is sent with an increnented
Feedback Start, all status values prior to that Frame ID are

consi dered as acknow edged and can be culled by the receiver. A
sender MJST NOT request feedback prior to either the |ast

acknow edged Franme ID or the start of the stream

Frame Acknow edgnment Request Data Layout

This section describes the data | ayout for the Frane Acknow edgnent
RTP Header Extension. The extension data starts with the FFR/
Reserved byte.

For a One-Byte Header (as defined in [RFC5285], Section 4.2), the ID
field identifies the extension, and the len field is a 4-bit value N
that indicates the nunber of data bytes following the ID and | en
fields, _mnus one . Thus, the total nunber of bytes for the
extension data i s N+1.

For a Two-Byte Header (as defined in [RFC5285], Section 4.3), the ID
field identifies the extension, and the 8-bit length field indicates
the total nunber of bytes for the extension data (i.e., the FFR/
Reserved byte plus any optional fields).
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ascii-art Extension Data: 0 0 1 2 3456 7 +-+-+-+-++-+-+-+ | FFR
Reserved | (First byte of extension data) +-+-+-+-+-+-+-+-+ | Frane
ID| (OPTIONAL, see FFR) +-+-+-+-+-+-+-+-+ | Feedb. Start |
(OPTI ONAL, see FFR) +-+-+-+-+-+-+-+-+ | Feedb. Length | (OPTI ONAL,
see FFR) +-+-+-+-+-+-+-+-+

6.3.1. FFR Franmel D/ Feedback Request (2 bhits)
This field is located in the first byte of the extension data. It

i ndi cates the presence and neani ng of the subsequent optional fields.
The total nunber of bytes for the extension data (and thus the val ue
of N for the one-byte header’s len field, or the length field for
two- byt e headers) depends on the FFR val ue:

* *00: Franme ID only.* The FFR/ Reserved byte is foll owed by a one-
byte Franme ID field. Total extension data bytes = 1 (FFR/ Reserved
+ Frame ID). For one-byte header: len = 0. For two-byte header:
length = 1. No feedback is explicitly requested by this header.

* *01: Frane ID + inplicit feedback request.* The FFR/ Reserved byte
is followed by a one-byte Frame ID field. Total extension data
bytes = 1 (FFR/ Reserved + Frane ID). For one-byte header: len =
0. For two-byte header: length = 1. Feedback is requested for
the frame identified by Frame ID (i.e., Feedback Start = Frane |ID,
Feedback Length = 1).

* *10: Frane ID + independent feedback request.* The FFR/ Reserved
byte is followed by three bytes: a one-byte Frame I D, a one-byte
Feedback Start, and a one-byte Feedback Length field. Total
extension data bytes = 3 (FFR/ Reserved + Frame | D + Feedback Start
+ Feedback Length). For one-byte header: len = 2. For two-byte
header: length = 3. This inmplies both a frane nmarking with Frane
I D and an i ndependent feedback request for the specified range.

* *11: Reserved for future use.*

The remaining 6 bits of the FFR/ Reserved byte are reserved and SHOULD
be set to O.

6.3.2. Franme ID (8 bits)
Present if FFRis 00, 01, or 10. An unsigned integer that uniquely
identifies a frame. It MJST be increnmented by one for each new frane

(in sending order) that needs to be identified. 1t waps around to O
on overfl ow
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6.3.3. Feedback Start (8 bits)

Present if FFRis 10 or 11. An unsigned integer that corresponds to
the first Frane ID (inclusive) the sender is requesting feedback for
It waps around to O on overfl ow.

6.3.4. Feedback Length (8 bits)

Present if FFRis 10 or 11. An unsigned integer that indicates the
nunber of consecutive franmes the sender is requesting feedback for,
starting from Feedback Start. A value of 0 neans no franes are being
requested. A value of 1 neans only the frane identified by Feedback
Start is requested. The range is Feedback Start to Feedback Start +
Feedback Length - 1, inclusive, with wap-around logic applied to
Frame | Ds.

Note that since the Frane |ID, Feedback Start, and Feedback Length are
8-bit fields that wap, care nust be taken when cal cul ating ranges.
For exanple, a request with Feedback Start = 254 and Feedback Length
= 3 indicates the sender is requesting feedback for frames wi th Frane
| Ds 254, 255, and 0.

If a sender is not interested in feedback for franes prior to and
including a given Frame ID, it can effectively signal this by sending
a request (FFR=01, 10, or 10) where the Feedback Start (or Frame ID
for FFR=01) is nore recent. This inplicitly acknow edges pri or
franmes up to the new Feedback Start. Alternatively, a Feedback
Length of 0 can be used with FFR=10 if no specific frames need

f eedback but an acknow edgnent point needs to be set.

7. Franme Acknow edgnent Feedback RTCP Message

The Frame Acknow edgenent Feedback nessage is an RTCP nessage

([ RFC4585]) containing a vector of status synbols, corresponding to
the state for the franes requested in a Frame Acknow edgenent

Ext ensi on.

This nmessage is identified by PT = RTPFB (205) and FMI = TBD (to be
assigned by | ANA, suggested val ue 12).

ascii-art 01 2301234567890123456789012345
6 7 8 9 0 1 +-4-4-4-+-F-F-4-+-F-t-F-+-FoF-F- e o o b e e - e - -
+-+-+-+-+ | V=2|P| FMI | PT=RTPFB | length

R S R T S N S R S S S S S S S S S S S S S i i S i
SSRC of packet sender |

R R I I T i i i o e e I S I i e S T i ik S S e S i S e i

SSRC of nedi a source
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
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Start FranelD | Length | status vector + padding
i T s i o S i i S R I S I S S S M

B T S i T s i i e e SEI S
7.1. Start Frane ID (8 bits)

The first Frame ID (inclusive) for which feedback is provided in this
message. This corresponds to a Frane ID previously sent in a Frame
Acknowl edgrment Request extension

7.2. Length (8 bits)

An unsi gned i nteger denoting how many consecutive franes, starting
fromStart Frame 1D, this nessage contains feedback for. The |ast
Frame ID included in the feedback is (Start Frane ID + Length - 1),
with wap-around |l ogic applied to Frane IDs. A Length of 0 indicates
no feedback information is present, though this SHOULD NOT be sent.

7.3. status vector (variable |ength)

A bit vector of the size indicated by the Length field. Each bit
corresponds to a Frame ID, starting from Start Franme |ID and
incrementing by one for each subsequent bit. * A value of *0*

i ndi cates the frane has not been received or has not been decoded (or
is not expected to be decoded). * A value of *1* indicates the franme
has been received and has been or will be decoded.

The status vector MJST be padded with O to 23 zero bits to align to
the next 32-bit boundary if its length is not a nultiple of 32 bhits.
This padding is not included in the Length field but is included in
the RTCP packet’s length field.

8. Frame | D considerations

As stated above, the sender MJST increment the Frame |ID by one for
each new frame with the Frane Acknow edgenment header extension
present, in sending order. Mre than that, it must make sure that no
wr ap- around anbiguity can occur. Since feedback is only really
necessary for franes which the codec stores in a reference buffer
pendi ng future use, the nunber of outstanding frames is in practice
limted by the nunber of available reference buffers. E.g. for AV],
the upper limt will be 8  Although the optinal behavior will be
appl i cation dependent, it is often advisable to spread reference
buffer usage out across an RTT and to cull earlier buffer usage once
| ater franmes have been acknow edged.
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8.1. Point-to-Milti-Point

When considering a nulti-way application with an SFU SFMtype rel ay
in the mddle, the mddlebox may need to do translations/rewiting of
Frame | Ds such that the outgoing FranelDs froma m ddl ebox to a
receiver still fulfill the requirement that the FranelDs are
incremented by one for each new frane that is nmarked for feedback
This nmust be true even if independent video streams for different
senders are nultiplexed onto the sane SSRC. Further the m ddl ebox
shoul d typically not acknow edge a frane to a sender unl ess al

active receivers have acknow edged that frane.

9. Security Considerations

The nessages in this proposal may expose a small anount of data,
nanely the nunber of franmes that have been sent, and potentially in
an indirect way which franes the sender sees as inportant for
recovery.

Thi s data shoul d however not pose any significant privacy or security
risks.

10. | ANA Consi derations

The RTP header extension needs to have a URI identifier assigned by
| ANA.  See [ ANAEXT].

The RTCP nessage uses PT = 205 (RTPFB, Ceneric RTP Feedback). As of
witing, the next available FMI value is 12. A dedicated ID needs to
be assigned by | ANA. See [| ANARTCP]
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