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Abst ract

Thi s docunent defines an extension to Media over QU C Transport
(MOQT) that enables MbQ receivers to report delivery quality
information for nedia Objects to senders. The MQ | ayer synthesizes
MW feedback and | ocal congestion control (CC) output to compute
control decisions such as bitrate, frane rate, and pacing, and inform
the CC algorithm nmodul e via a cross-layer control interface. This
mechani smreuses the MOQT Track/ Cbj ect data nodel w thout introducing
new control nessage types. VWile QU C ACK and reception tinestanp
ext ensi ons continue to provide per-packet CC signals; this mechani sm
adds per-Obj ect nedia semantic feedback when the MW extension is
negoti ated and enabl ed.

Di scussi on Venues
This note is to be renoved before publishing as an RFC
Di scussion of this docunent takes place on the Media Over QUIC
Working Group mailing list (nmbg@etf.org), which is archived at

https:// mail archive.ietf.org/arch/browse/ nog/.

Source for this draft and an issue tracker can be found at
https://github. com Yannei - Li u/ draft - nog- nul ti nodal - f eedback.

Status of This Meno

This Internet-Draft is submtted in full conformance 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/.
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Internet-Drafts are draft documents 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 18 Septenber 2026.
Copyright Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent 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.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1.

1.

I nt roducti on

Medi a over QUIC Transport (MOQI, [MQTransport]) is a QU C based
publ i sh/subscri be nmedia transport framework. In |owlatency
interactive scenarios, senders need to obtain nedia delivery quality
informati on from peer to adjust sending strategies. Adjustnents
occur at two |ayers:

* *Application |ayer:* Encoders adjust bitrate/frame rate, inference
systens adjust generation rate, and ABR swi tches Tracks.

* *Transport |ayer:* Congestion control (CC) algorithnms adjust cwnd/
paci ng rate.

QUI C Transport |ayer feedback (QUI C ACK, receive tinestanps
[quic-receive-ts]) only covers the transport |ayer, |eaving blind
spots at the MQ senmantic |level (see Section 2 for details). This
docunent defines a MbQ | ayer feedback nechani smthat provides per-
oj ect nedia senmantic feedback to the application layer. The MQ

| ayer also serves as the control |ayer for CC al gorithns,

synt hesi zing MVF signals and | ocal transport state to issue control
commands such as pacing rate and pacing gain to CC (see Section 3.3
for details).

1. 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] [RFCB174] when, and only when, they appear in all
capital s, as shown here.

The following terns are used throughout this docunent:

*  *MOQT: * Media over QUIC Transport, follow ng [ MoQIransport].

* *(hject:* The smallest semantic unit of data delivery in MOQT.

*  *Feedback Track:* A MoQ Track that carries MW feedback.

* *MMF (MbQ Mul tinodal Feedback):* A receiver report at the MQ
| ayer containing per-Qoject delivery status.

* *Cross-Layer Control Interface:* A mechanismfor the MoQ |l ayer to
i ssue control commands to CC algorithns; the specific formis
i npl ement ati on- defi ned.
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2. Motivation

QUI C | ayer feedback nechani sns (ACK, Receive Tinmestanps) operate at

the packet level, leaving the following blind spots at the MQ | ayer:
| Blind Spot | Description |
| Object Semantics | QUIC ACK confirns packets but cannot perceive |
| | frame integrity, type, or deadline |
o e e e oo o m m e e e e e e e e e e e e e e e e e e e e e eeee—oon +
| Frane-Level | QUIC ACK provi des packet-1evel delay but |
| Timng | cannot provide inter-Cbject arrival timng |
Fom e e e oo o m e e e e e e e e e e e e e e e e e e e e e e emamao o +
| Pl ayback | QUIC layer cannot know peer’s playback buffer |
| Progress | level or application-layer consunption state |
o e e e oo o m m e e e e e e e e e e e e e e e e e e e e e eeee—oon +
Table 1

Thi s docunent defines a MbQ | ayer feedback nechani sm (MW) that
suppl enents Obj ect-1evel semantic signals which are unavail able at
the QU C layer. MW serves both the application |ayer (per-Qbject
delivery status) and CC algorithns (aggregate statistics injection).
MW enabl es senders to reduce sending quality before the peer’s

pl ayback buffer is depleted, rather than passively responding after
stuttering occurs.

3. Architecture

3.1. Three-Layer Architecture: Application / MQ/ Transport
Thi s mechani sm adopts a three-layer architecture: the application
| ayer serves as the nedia source, the transport |ayer inplenents CC
al gorithms, and the MoQ | ayer resides in between, responsible for
semanti ¢ understandi ng and signal distribution.

3.1.1. Application Layer: Media Sources

MVF does not restrict the type of application-layer nedia sources.
Two typical media source types are:
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| Media Source | Characteristics | MVF-Driven Adjustments |
| Type | | |
[ sty sl ety o}
| Traditional | Unidirectional | Unidirectional |
| Media | output, | adjustnent: encoding |
| (encoder/caneral/ | controllable | bitrate, frame rate, |
| live streaming) | frame rate/ | resolution, ABR Track |
| | bitrate | switching |
o e e e e oo oo o e e e e oo o e e e e e e e oo +
| Al Inference | Bidirectional | Bidirectional adjustnent: |
| Pipeline | interaction, | above general adjustnents |
| (rmul tinodal | tunable | + inference paraneters |
| inference | generation | (chunk_size, flush |
| engine) | parameters | strategy) |
o e e e e oo oo o e e e e oo o e e e e e e e oo +

Table 2

Bot h nedia source types share the same MV format; the difference
lies only in the adjustable actions that can be taken after consum ng
MVF.

3.1.2. MQ Layer: Senmantic Hub

The MbQ | ayer assumes two responsibilities in the three-|ayer
architecture:

* *Semantic Translation:* The MdQ Track/ Qoj ect/ Group nodel provides
feedback with frame-1level semantics. MW reports Object delivery
status (conplete, expired, lost) rather than packet-1evel status.

* *Control Hub:* The McQ | ayer synthesizes MVF feedback and | ocal
transport state, driving application-layer adjustnents upward via
cal | backs (encoding bitrate, frane rate) and instructing CC to
adj ust sending rate downward via the cross-layer control interface
(pacing_rate, pacing_gain). The MoQ layer can also directly
execute certain adjustnents (ABR Track swi tching, Object
transm ssion frequency control) w thout requiring application-
| ayer nmedi a source cooperation.

The Feedback Track is a normal MbQ Track, at the sane | evel as

audi o/ vi deo/ text Tracks. This mechani smintroduces no new QU C
franmes or MOQT control messages.
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3.1.3. Transport Layer: CC Algorithns

CC algorithnms (BBR, GCC, etc.) are responsible for congestion
detection and bandw dth estimati on based on |l ocal QU C ACK and
receive-ts. In real-tine nmedia scenarios, the MoQ | ayer issues
control conmmands (pacing rate, pacing gain) to CC via the cross-|ayer
control interface (Section 3.3); CC algorithms SHOULD execute these
commands. The MQ | ayer makes deci sions by synthesizing three
sources of information: MV feedback, |ocal CC output (BWE), and
frame-level statistics (Section 8.1), achieving higher informtion
conpl eteness than CC algorithnms alone. An integration exanple is
provided in Section 8.4.

3.2. Dual -Layer Feedback Mddel: QUIC receive-ts and MVF

CC algorithnms rely on per-packet delay signals for bandw dth

estimati on and congestion detection; this signal is provided by QU C
receive-ts ([quic-receive-ts]). MW operates at the MQ | ayer,

form ng a dual -1ayer feedback which coul d cooperate with QU C
receive-ts. Both mechani sms can be enabl ed sinultaneously in

i mpl ement ati ons.

R ety e pe gy gl —_———(——— gy plpj—p——j————————
| Feedback | Granularity | Hop | CC Role | Application |
| Layer | | | | Layer Role |
[ el oo sl s sl e bl el °
| QUI C | per-packet | QUC | Primary | None |
| receive-ts| (~us) | connection | signal | |
I I | layer | (delay I I
| | | | gradient, | |
I I I | BWest.) I I
R i I R I I +
| MOQ MVF | per-Chject | dient/ | MQ | ayer | Primary |
| | (~ns) | Server | synthesizes | signal |
| | | direct | and issues | (bitrate/ |
| | | | control | frame |
| | | | comands | rate/ ABR/ |
| | | | | inference |
I I I I | paraneter |
I I I I | adjustment) |
I L i I L i L i +
Tabl e 3

The two | ayers cover different granularities:
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3.

3. 3.

2.

QUI C recei ve-ts provides per-packet inter-arrival delta, enabling CC
al gorithms to perform del ay-based congesti on detecti on and bandwi dth
estimation.

MVF suppl enent s addi tional signals:

* *Per-Cbject Signals:* QU C transport |ayer cannot determ ne
whet her an Object is conplete or arrived within deadline. MW
provi des per-Qbject status (RECElI VED LATE, NOT_RECEI VED, etc.).

*  *Application-Layer Metrics:* Playout headroom ( PLAYOUT AHEAD),
recei ver-side bandw dth estination, etc.

1. QUIC receive-ts Requirements

I mpl enentati ons would still need to support both QUIC receive-ts
([ quic-receive-ts]) and MV sinultaneously when both extensions are
negot i at ed.

QUI C receive-ts carries per-packet reception tinmestanps (Tinestanp
Range / Tinestanp Delta) via ACK EXTENDED frames, enabling CC
algorithms to conpute inter-arrival delta (delay gradient) and
bandwi dth estimation. Its role is equivalent to TWCC in WebRTC:

* *QUIC receive-ts:* per-packet reception tinestanps --> del ay-based
CC (GCC sQP, etc.)

* *MMF.* per-Qbject delivery status --> application-layer adaptation
+ MoQ | ayer CC control

Conpared to WbRTC GCC+TWCC, this framework adds a per-hject
semanti c feedback |ayer on top of per-packet feedback. TWCC only
provi des packet-level arrival times and cannot express bject
conpl et eness, expiration status, or playout headroom

Cross-Layer Control Interface

MbQ i npl ement ati ons coul d provide a cross-layer control interface
that enables the MoQ | ayer to issue control commands to CC
algorithms. The specific formof the interface is inplenentation-
defi ned.

Di stinct from approaches that pass raw data to CC algorithns for

i ndependent judgment, this mechani smcould help the MoQ |l ayer to

achi eve better performance. The MQ | ayer possesses three kinds of

i nformati on resource: MVF feedback, |ocal CC output (BWE), and frame-
| evel statistics (Section 8.1), achieving higher infornmation

conpl et eness than CC al gorithnms al one.
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cC
or

algorithms could still run their own congestion detection |ogic,
adapted to accept control comrands issued by the MQ | ayer.

*Control Conmmands: *

Target encoding bitrate conmputed by MQ | ayer |
from BWE and MVF; notifies CC of current
application-layer sending budget |

| Sending gain coefficient; MQ | ayer calcul ates |
| fromMV signals (Cbject |oss rate, expiration |
| rate, playout headroon); CC may execute as |
| pacing_rate = BWE x pacing_gain |

--------------- o m m e e e e e e e e e e e e e e e e e e e e eee ot

pacing rate | Directly specify sending rate; MQ | ayer |

cal culates and issues in scenarios |ike frane- |

| level pacing (Section 8.1.4) |

--------------- T
Tabl e 4

*MoQ Layer Decision Inputs:*

The MbQ | ayer synthesizes the followi ng signals for control
deci si ons:

*

*MMF Signals (frompeer):* Object loss rate, expiration rate, Avg
Inter-Arrival Delta, PLAYOUT AHEAD MS

*CC Qutput (fromlocal):* BWE, RTT, loss rate

*Frane- Level Statistics (fromlocal, Section 8.1.3):* per-Cbject
transm ssion/l oss/delivery duration

*CC Al gorithm Behavi or: *

CcC

*

Ji ang,

al gorithms SHOULD execute control commands after receiving them

*Upon pacing_gain:* Update sending rate as pacing rate = BWE X
paci ng_gai n

*Upon pacing rate:* Use this value directly as sending rate

*Upon target bitrate:* Record current application-layer sending
budget for internal decision reference
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When no control comrands are issued by the MQ | ayer, CC algorithns
operate normally according to their own | ogic.

The cross-layer control interface is optional. CC algorithns that do
not support this interface can still operate independently but cannot
benefit from MW-driven frane-1level control capabilities

3.4. Bidirectional MW: Qutput Feedback and I nput Feedback

The MWF report direction described in the preceding sections is from
client to server, reporting delivery quality of downstream nedia
(audi o_response, text _response). |n streaning input scenarios, the
server sinultaneously subscribes to upstream nedia (audi o_i nput,

vi deo_i nput) and MAY establish a reverse feedback Track to report
upstream nedi a delivery quality to the client.

Client Server | | |----- audio_input ------------- >| Server
subscribes | <---- input_feedback (MW) ----- | Server reports input
delivery quality | | |<---- audio_response ----------- | dient
subscribes |-- multinodal _feedback (MW) -->| Cient reports output

delivery quality | |

Qut put MV (client-->server) and I nput MW (server-->client) use the
same report format (Section 5). Their purposes differ

*  *Qutput MW * Server adjusts encoding bitrate, inference
paraneters, and CC based on it.

* *lnput MV * Cient adjusts upstream behavior based on it:

- *Audio Input:* Adjust chunk size, encoding bitrate,
transm ssi on frequency

- *Video Input:* Adjust frame rate, resolution, pause/resune

I nput MW is optional. Support of the input MW is declared via
bit-2 of the Setup Paraneter bitmap.

4. Feedback Track
4.1. Track Definition
The Feedback Track is a normal MQ Track where the Payl oad of each

hject is an MW. Each MVF is published as an i ndependent Object
with nmonotonically increasing Ghject IDwthin a G oup.
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The Group division strategy for Feedback Track is inplenmentation-
defined. It is RECOMVENDED to use a single Group (Goup ID=0) with
continuously incrementing Cbject IDs to sinplify inplenmentation.

Each Feedback Track MUST be associated 1:1 with a nedia Track. The
associ ation is established during the PUBLI SH phase (Section 4.3) and
is not repeated in MVF reports.

When feedback is needed for multiple nedia Tracks, independent
Feedback Tracks MJST be established separately.

4.2. Track Nam ng
Feedback Track nam ng SHOULD fol |l ow t hese conventi ons:
*  *Nanespace: * Sane Nanespace as the nedia Track being fed back.
*  *Track Name:* nul tinopdal -feedback/ <nedi a_track _nane>.

Exanpl es: nul ti nodal - f eedback/ audi o_r esponse, mul ti nodal - f eedback/
vi deo_r esponse.

Medi a Track Nanmes MUST NOT contain the / character to avoid parsing
anbiguity in Feedback Track Nanes.

When reverse feedback exists in a session (see Section 3.4), the
I nput Feedback Track Nane is input-feedback/<nmedi a_track_nane>.

When a sender receives a PUBLISH request for a Feedback Track, it
MUST identify the associated nmedia Track via the <medi a_track _nanme>
portion of the Track Nane. |If no matching established nmedia Track is
found, it SHOULD respond with REQUEST_ ERRCR

4.3. Track Establishment and Lifecycle

The Feedback Track is established by the feedback generator
(typically the nedia receiver) as Publisher through MOQI" s PUBLI SH /
PUBLI SH OK negoti ati on.

*Est abl i shnment Fl ow Exanpl e: *

Medi a Recei ver Media Sender (Media Subscriber / (Media Publisher /
Feedback Publisher) Feedback Subscriber) | | |

SUBSCRI BE(t r ack=audi o_response) | (1) Subscribe nedia

Track |-------------c-cmmmmm e > |

SUBSCRIBE OK | | <---mmmmmmm e e e o | 1] |

PUBLI SH(t rack=nul ti nodal - f eedback/ | (2) Publish Feedback Track |
audi o_response, | (Role reversal: receiver |
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nanespace=sane_as_nedi a) | becones feedback

Publisher) |--------mmmmm e - >| |
PUBLI SH—O< | | I I e I | | | | [03] ect
MVF seq=0] | (3) Send MVF |-------mmmmm e > |
[hject: MWF seq=1] | |----------"-“"““"“““c““cmmmmmo o > I |

*Lifecycle Rules:*

The Feedback Track |ifecycle SHOULD align with the subscribed nmedi a
Track it covers. After the media Track publisher sends PUBLI SH DONE
for the nedia Track, the Feedback Track publisher (i.e., the nedia
recei ver) SHOULD send PUBLI SH DONE for the Feedback Track after
transmtting the final MW and stop publishing Objects.

When re-establishing a Feedback Track after connection interruption,
the Report Sequence SHOULD restart fromO.

4.4. Transport and Priority

The Feedback Track SHOULD be carried over QU C Stream (consi stent
with ordinary MbQ bjects).

The Subscriber Priority for Feedback Track SHOULD be set |ower than
medi a Tracks ([ MoQTransport], Section 7). Exanple priority

assi gnnent :
[} e ————————— Ll —_—(——————————————_ Ll ppp—p—p—p—_———(———— L
| Track Type | Subscriber Priority | Description |
[ ety ey ety
| audi o_response | O (highest) | Audio nedia |
S S o a o +
| video_response | 1 | Video nedia |
o e e e e e oo - o e e e e e oo - o e +
| rmultinodal -feedback | 3 | Feedback Track |
Fom e e e e e oo s Fom e e e e e oo s o a o +

Table 5

VWhen bandwi dth contention occurs, nedia data SHOULD take precedence
over feedback data transm ssion.

5. Feedback Report For mat
This section defines the binary encoding format of M. All integer

fields use QU C Variabl e-Length I nteger encoding (RFC 9000,
Section 16) unl ess ot herw se specified.
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Fi el ds marked as "signed encodi ng" use Zi gZag mappi ng and are
transmtted as unsigned QU C varint:

* *Encoding:* unsigned = (signed << 1) " (signed >> 63)
*  *Decoding:* signed = (unsigned >>> 1) " -(unsigned & 1)
Mappi ng exanples: 0 ->0, -1 ->1, 1->2, -2 ->3, 2 -> 4,
5.1. Report Structure
MbQ Mul ti nodal Feedback { Report Tinmestanp (i), Report Sequence (i),
oj ect Entry Count (i), Ohject Entry (..) ..., Sunmary Stats (..),
Optional Metric Count (i), Optional Metric (..) ..., }
The MW format version is negotiated via Setup Paraneter
(Section 6.1) and is not repeated in each report. This docunent

defines version O.

Each MV reports (bject delivery status for a single nmedia Track
associated with its Feedback Track (1:1 association, see
Section 4.1).

*Report Tinmestanp (varint):* The nonent when the report is generated,
usi ng receiver’s local nonotonic clock value in mcroseconds. This
value is only used for Receive Tinmestanp Delta chain anchoring and
report ordering, not for cross-end tinme alignnment. Monotonic clock
MUST be used.

*Report Sequence (varint):* Mnotonically increasing fromO0. Senders
detect feedback | oss via sequence gaps (Section 10.1).

*(bj ect Entry Count (varint):* Number of bject Entries that follow
When the value is 0, the report contains only Sunmary Stats (for
heart beat purposes).

5.2. bject Entry

hject Entry { Object ID (i), Status (i), [Receive Tinmestanp Delta
(1, }

oject Entries within the sane MW MJUST be sorted in ascendi ng order
by bject ID.

5.2.1. oject ID

The Object ID (varint) within the nedia Track.
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5.

5.

5.

2.

2.

3.

2. Status
Delivery status code (varint), see Section 5.3 for val ues.
3. Receive Tinestanp Delta

Condi tional presence field (varint, signed encoding): Present only
when Status is RECEIVED (0x00) or RECEI VED LATE (0x01). Encoding
rul es:

* *First received Object within the same MV (i.e., the first entry
with Status RECEI VED or RECElI VED LATE when iterating through the
list): Delta is the offset of the Cbject’s arrival time relative
to Report Timestanmp in mcroseconds, encoded as signed varint
(negative values indicate arrival time earlier than report
generation tine).

*  *Subsequent received Objects:* Delta is the offset of the bject’s
arrival time relative to the arrival time of the nost recent entry
with Status RECEI VED or RECEI VED LATE that precedes it in the
list, encoded as signed varint.

NOT_RECEI VED and PARTI ALLY_RECEI VED entries are skipped in the delta
chai n.

Since (bject Entries are sorted by Cbject 1D in ascending order while
hjects may arrive out of order, delta values can be negative
(indicating the hject arrived earlier than the previous received
oject inthe list). Negative delta fromreordering is a valid
network state signal.

This Delta chain encoding approach is consistent with QUI C Receive

Ti mestanmps (draft-ietf-quic-receive-ts-00), but at Object granularity
rat her than packet. For small Objects (audio franes ~200B,

approxi mately 1 packet/ oject), the Delta sequence approaches per-
packet precision.

Del i very Status Codes
[} el el s o
| Value | Nane | Description |
| Ox00 | RECEI VED | Conpletely received and |
| | | within delivery deadline |
R, o e e e o e e e e e e e e a oo - +
| 0x01 | RECEIVED LATE | Conpletely received but |
| | | exceeded delivery deadline |
S Fom oo o m e +
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| 0x02 | NOT_RECEI VED | No bytes received at |
| | | report generation time |

| 0x03 | PARTIALLY_RECEIVED | Partial bytes received but |
| | | Object is inconplete |

Table 6
5.3.1. RECElIVED LATE Determ nation

Recei ver MJST determi ne Object expiration based on |ocal playback
deadl i ne:

An (bj ect is RECEIVED LATE when its arrival time exceeds its expected
pl ayback nonent.

When pl ayback deadline is unavailable (e.g., non-real-tinme playback
scenari os), receiver SHOULD report RECEI VED rather than
RECEI VED_LATE.

5.3.2. NOT_RECEI VED Reporting Timng

Recei ver SHOULD report an Obj ect as NOT_RECElI VED when one of the
followi ng conditions is net:

* A subsequent Object with larger Object ID has arrived, but this
oj ect has not.

* The Object’s expected arrival time has exceeded 2 x
expected_interval (see Section 5.4.6) without arrival, and no
subsequent Cbject is available for reference.

Condition 2 covers the "last (bject lost" scenario (no subsequent
oject to trigger Condition 1).

Recei ver MJUST NOT report NOT_RECEI VED for Objects that are not yet
reasonably expected to arrive.

5.3.3. PARTI ALLY_RECEI VED
Applicable to Objects carried over QUC Stream Wen a Streamis
term nated by RESET_STREAM or cl osed due to tinmeout, Objects with
partially received data SHOULD be reported as PARTI ALLY_ RECEI VED.
The tinmeout threshold used to determ ne whether a partially received

oj ect should be reported as PARTIALLY RECEIVED i s application-
defined. Different applications may have different |atency
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requirenents (e.g., real-time voice vs. file transfer), and the
receiver’s application layer is best positioned to deci de when an
inconplete Object is no longer useful. Inplenmentations SHOULD al | ow
the application |ayer to configure or signal this tineout val ue.

For (bjects carried over QU C Datagram Since QU C Datagrans are not
retransnmitted by the transport |ayer, any Object whose Datagran(s)
are lost results in inconplete data at the receiver. |If the receiver
detects that some but not all Datagrams constituting an Object have
arrived, and the remaining Datagranms are not expected to arrive
(e.g., a subsequent Object has arrived or the application-defined

ti meout has expired), the Object SHOULD be reported as

PARTI ALLY_RECEI VED. |If no Datagrans for the Object have arrived, the
hj ect SHOULD be reported as NOT_RECEI VED i nst ead.

5.4. Summary Stats Bl ock

Sunmary Stats { Report Interval (i), Total Objects Evaluated (i),
hj ects Received (i), Objects Received Late (i), Objects Lost (i),
Avg Inter-Arrival Delta (i), }

Sunmary Stats MJUST al ways be included in every MW, not controlled by
negotiation bitmap. It provides wi ndowed aggregate infornmation,
enabling |ightweight CC consuners that do not parse Cbject Entry to
obtain effective signals. The MQ | ayer can conmpute control

deci sions based on this block and issue themto CC algorithms via the
cross-layer control interface (Section 3.3).

The Report Interval w ndow of Summary Stats is independent fromthe
coverage of (hject Entries. Cbject Entries MAY include bjects
outside the Report Interval w ndow (e.g., continuously reported
NOT_RECEI VED entries, see Section 7.4).

5.4.1. Report Interval
The tinme wi ndow |l ength covered by this report (varint), in
m croseconds. This wi ndow spans from Report Tinmestanp - Report
Interval to Report Tinestanp. RECOMVENDED val ue i s 50000- 200000
(50-200ns).

5.4.2. Total Objects Eval uated
Total nunber of Cbjects (varint) evaluated within the Report Interval

wi ndow. Includes Objects of all statuses. MJST equal bjects
Recei ved + bj ects Received Late + Ohjects Lost.
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5.4.3. (bjects Received

Nunber of Objects (varint) with

5.4.4. (bjects Received Late
Nunber of Objects (varint) with
wi ndow.

5.4.5. nhjects Lost
Nunber of Objects (varint) with
PARTI ALLY_RECEI VED within the wi

5.4.6. Avg Inter-Arrival Delta
Average arrival interval deviati

consecutive received bject pairs within the w ndow,

Cal cul ati on net hod:

For consecutive recei ved Object
wi thin the wi ndow

= (A(i) - A(i-1))

mean(delta(i)) for all i

delta(i)
Delta

VWhere A(i) is the arrival

the expected arrival interval.

Met hods to determ ne expected_ interval

1. Known nedia frame rate (e.g.

2. Historical average arrival i
(sliding w ndow).

If neither nethod is avail abl e,
this field to O.

Positive val ues indicate Object
expected (increased queuing),
expect ed.
this field MIST be O.

Jiang, et al. Expires 18

MbQ Ml ti nodal

- expected_ interval

time of Object

Feedback March 2026

status RECEI VED within the w ndow.

status RECEI VED LATE within the

st at us NOT_RECEI VED or
ndow.

on (varint, signed encodi ng) of

in mcroseconds.

pairs (i-1, i) sorted by arrival tine

Avg Inter-Arrival

i, and expected_interval is

(by priority):
, 50 obj/s --> 20000us).

nterval within current session

recei ver SHOULD use nethod 2 or set

arrival interval greater than

negative values indicate | ess than
When fewer than 2 received Objects exist

in the w ndow,
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5.5. Optional Media Metrics
Optional Media Metrics imediately follow Summary Stats. Optional
Metric Count (varint) specifies the nunber of subsequent Optional
Metrics; a value of O indicates no optional netrics are included.

Each netric uses Key-Val ue-Pair encoding (draft-ietf-npg-transport-
17, Section 1.4.2):

Optional Metric { Metric Type (i), Metric Value (i), }

Defined netric types are divided into two categories: Application-
Layer Metrics and QUI C Layer Sunmary Metrics.

*Appl i cati on-Layer Metrics:*
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| Remaining tine |
| until playback |
| stall at |
| receiver, i.e., |
| buffered but |
| not yet played |
| media duration. |
| Smaller val ues |
| indicate closer |
| to stall (0 = |
| currently |
| stalled). |

| Avail abl e |
| bandwi dth |
| estimate |
| observed at |
| receiver. Can |
| be cal cul ated |
| as bytes |
| received in |
| window / w ndow |
| duration. For |
| sender to |
| cross-reference |
| with | ocal |
| bandwi dth |
| estimation. |

Table 7
*QUI C Layer Summary Metrics:*

The followi ng netrics expose the receiver’s |l ocal QU C connection
transport state to the sender for CC al gorithm cross-validation.
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+ +
I I
+ +

PEER _RTT_US | microseconds | Receiver’'s local QU C |
| | connection snoot hed |
| | RTT, corresponding to |
| | smoothed rtt in RFC |
| | 9002. For sender to |
| | cross-validate with |
| | local RTT estimation. |

| Receiver’s local QU C |
| connection packet |
| loss rate within |
| Report Interval, |
| expressed in per |
| mlle (e.g., 50 = |
| 5.0%. |

Table 8
MW s core CC signals rely on Receive Tinmestanp Delta in Object Entry
(Section 5.2.3, referencing QU C receive-ts / WbRTC TWCC per - packet
del ta encodi ng approach) and Summary Stats (Section 5.4), not

Optional Metrics. Optional Metrics serve only as suppl enents.

Type val ues 0x00-0x1f are reserved for this specification. Values
0x20 and above are avail able for application-layer custom use.

Recei ver MJST ignore unrecogni zed Metric Types.
Optional Media Metrics MAY be included in MV only when both parties
have declared bitl=1 in Setup negotiation (Section 6). Wen not
negotiated or bitl1l=0, Optional Metric Count MJST be O.

5.6. Report Size Control

A single MW is RECOMVENDED not to exceed 1200 bytes to avoid QU C
packet fragnentation.

When the nunber of Objects to report exceeds the capacity of a single
MV, receiver SHOULD:

* Prioritize including recent Cbject Entries (largest Object |Ds).

* Trimthe ol dest Object Entries.
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* Ensure Summary Stats covers the conplete Report Interval w ndow
(Summary Stats is not affected by Object Entry trimm ng).

.6.1. Encoding Exanpl e

The followi ng is an encoding structure of a typical MW reporting
delivery status of the 5 npbst recent Cbjects on the audi o_response
Track. Object Entries are sorted in ascending order by Object |ID.
Signed fields use ZigZag-encoded unsi gned val ues (encodi ng convention
at the beginning of Section 5).

“tY MoQ Multinmodal Feedback: Report Tinestanp: 2000000 (2000000us =
2s since setup) Report Sequence: 10 (10th report) Ohject Entry Count:
5 (5 ojects)

oject Entry [0]: (snallest Ohject ID, first inlist) Chject ID 96
Status: 0x00 (RECEIVED) Recv Ts Delta: 169999 (Zi gZag(-85000): 85ns
bef ore Report Tinmestanp) (First received Object, baseline=Report

Ti mest anp)

hject Entry [1]: Object ID 97 Status: 0x02 (NOT_RECEI VED) (No Recv
Ts Delta)

oject Entry [2]: Object ID 98 Status: 0x01 (RECElI VED LATE) Recv Ts
Del ta: 100000 (Zi gZag(+50000): 50ms |ater than Object 96) (Skip
NOT_RECEI VED 97, basel i ne=Cbj ect 96)

oject Entry [3]: Ohject ID 99 Status: 0x00 (RECElI VED) Recv Ts
Del ta: 40000 (Zi gZag(+20000): 20nms | ater than Cbject 98)

oject Entry [4]: Ooject ID 100 Status: 0x00 (RECEI VED) Recv Ts
Del ta: 40000 (Zi gZag(+20000): 20ms | ater than Cbject 99)

Sunmary Stats: Report Interval: 100000 (100000us = 100ns) Tot al
oj ects Evaluated: 5 hjects Received: 3 (bjects Received Late: 1
Obj ects Lost: 1 Avg Inter-Arrival Delta: 6000 (Zi gZag(+3000): avg
arrival interval 3nms |arger)

Optional Metric Count: 2 Optional Metric [0]: Metric Type: 0x02
(PLAYQUT _AHEAD MS) Metric Val ue: 150 (playout headroom 150mns)
Optional Metric [1]: Metric Type: 0x04 (ESTI MATED BANDW DTH_KBPS)
Metric Value: 800 (estinated bandw dth 800kbps) **°
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In this exanple, Object 97 is lost and bject 98 arrived | ate.

hject 98’ s delta (+50ms) is significantly |arger than normal

interval (~20ms). Avg Inter-Arrival Delta is positive (+3ns)

i ndicating |larger-than-expected arrival intervals. PLAYOUT AHEAD MS
is only 150nms. These signals conbined indicate deteriorating network
condi tions.

6. Negotiation
6.1. Setup Paraneter

Duri ng MOQT Setup phase, both parties declare Miltinodal Feedback
capability via Setup Paraneter.

MOQT_MULTI MODAL_FEEDBACK Setup Paraneter { Type = TBD1l (i), Length
(i), value (i), }

The Value field is a capability bitmap (varint) with the follow ng
bit definitions:

[ ettty e —————(——(——_ s —p—_—(———————————(——————————r
| Bit | Nane | Description |
[ el ey e sl
| O | OUTPUT_FEEDBACK | Support output direction Feedback |
| | | Track (receiver-->sender) |
Fom e e - - Fom e e e oo o e e e e e e e e e e e e e e e e e e e e e e o +
| 1 | OPTIONAL_METRICS | Support Optional Media Metrics |
| | | (Section 5.5) |
Femmm o - o e e e oo o m e e e e e e e e e e e e e e e e e eee—o o on +
| 2 | I NPUT_FEEDBACK | Support input direction Feedback Track |
| | | (sender-->receiver, Section 3.4) |
Fom e e - - Fom e e e oo o e e e e e e e e e e e e e e e e e e e e e e o +
| 3-62 | Reserved | Sender MJST set to 0, receiver MJIST |
| | | ignore |
Femmm o - o e e e oo o m e e e e e e e e e e e e e e e e e eee—o o on +
Table 9

*Negot i ati on Exanpl e: *
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Client Server | | | CLIENT_SETUP( | | version=16, | | params=[ | |
{type=0x00, val ue=0x02}, | (ROLE=Publisher) | {type=TBDL,

val ue=0x03} | (MJLTI MODAL_FEEDBACK: bitO0| 1=1) |

D R I > | | | SERVER_SETUP( | |
version=16, | | paranms=[ | | {type=0x00, val ue=0x03}, |
(ROLE=PubSub) | {type=TBD1, val ue=0x01} | (MJULTI MODAL_FEEDBACK:

bi 10=1) | ]) | | S-mmzmmmmoee o 11
Negotiation Result: | | bit0=1 (Qutput Feedback) | | bit1=0 (dient

declared but | | Server did not, | | Optional Metrics disabled) |
Capabi lity Negotiation Rul es

Feature enabl e conditions (both parties MJST decl are correspondi ng
bit as 1):

e T L ey +
| Optional Media Metrics | Both bitl=1 Qut put Feedback |

| | enabl ed |
Fom e e e e a e e oo o e e e oo o e e e oo +
| I'nput Feedback | Both bit2=1 | None |
o Fom e e e oo o +

Tabl e 10
When a feature is not enabl ed:

* Receiver MJST NOT publish Feedback Track in correspondi ng
direction.

* \When sender receives PUBLI SH request for Feedback Track in un-
negotiated direction, it SHOULD respond with REQUEST ERRCR (draft-
i etf-nmog-transport-17, Section 9.8).

* MMF MUST NOT include un-negotiated optional fields (e.g., Optional
Metrics).

Behavi or When Paraneter Not Decl ared
When peer’s Setup does not include MOQT_MJLTI MODAL_FEEDBACK
Paraneter, it is equivalent to Value=0 (no Miltinmodal Feedback

capability supported).

This end MUST NOT proactively establish Feedback Track.
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6.4. Runtinme Capability Change

Thi s version does not support runtine changes to Miltinodal Feedback
capability. |If change is needed, MQ session MJST be re-established.

7. Receiver Behavi or

7.1. Arrival Time Recording
Recei ver MJUST record the arrival tinme of each Cbject. Arrival tine
is defined as the nonent when the |ast byte of the Object arrives at
the receiver’'s MQ layer. |Inplenentati on MIUST use nonotoni ¢ cl ock,
unaf fected by systemtine adjustrments. Tinme precision SHOULD be no
less than 1 mllisecond, RECOMVENDED to be m crosecond-| evel.

7.2. Delivery Status Determ nation
Recei ver MJUST nmintain delivery status for each known Cbject:

* Last byte of Object arrives and within deadline: RECEIVED (0x00).

* Last byte of Cbject arrives but exceeds deadline: RECElI VED LATE
(0x01).

* (bject has not arrived but is reasonably considered | ost (see
Section 5.3): NOT_RECElI VED (0x02).

* (bject partially arrived and carrying Streamis cl osed:
PARTI ALLY_RECEI VED (0x03).

hj ect status MAY be updated in subsequent MVF. For exanple, from
NOT_RECEI VED t o RECEI VED (when a del ayed Cbject is eventually
received). Therefore, counts such as Objects Lost in Summary Stats
refl ect an observation snapshot at report generation tinme and are not
guaranteed to be consistent with final statistics. Sender SHOULD use
them as i mredi ate signals rather than precise statistics.

7.3. MVF Generation Frequency

Recei ver SHOULD generate MVF at the follow ng reconmended
frequenci es:
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| Scenario | Recommended | Description |
| | Frequency | |
[ ety sy ooty o}
| Audio Track (~50 | Every | Hi gh-frequency bjects |
| Object/s) | 50-100ns | require dense feedback |
Fom e S o m o e e +
| Video Track | Every | Low frequency Objects can |
| (~2-30 hject/s) | 100-200ns | reduce feedback frequency |
o e e e e oo oo S T +
| No new bjects | Every | Heartbeat to prevent |
| arriving | 500ns-1s | sender from m sjudging |
| | | connection state |
Fom e e e oo o m e e e oo - o e e e e e e e e e e e e e m e e o +

Table 11

Generation frequency SHOULD NOT exceed once per 50nms (to avoid
feedback itself consum ng excessive bandwi dth). Generation frequency
SHOULD NOT be | ower than once per 2s (to ensure sender receives
tinmely feedback).

When receiver detects rapid deterioration in delivery quality (e.g.,
consecutive Object |losses), it MAY i medi ately generate an additiona
MVF (without waiting for the schedul ed cycle) to accel erate sender
response.

7. 4.

oj ect Entry Sel ection

When generating MVF, receiver SHOULD foll ow these Object Entry

sel

*

Ji ang,

ection strategies:
Prioritize covering recent Chjects (nost recent in tine).

Total nunber of Cbject Entries per MM is RECOVWENDED not to
exceed 50.

For (bjects already reported in previous MV w th unchanged
status, they MAY be omitted.

ojects with status NOT_RECEI VED SHOULD be continuously reported

(for at least 3 MW cycles) until status changes or exceeding the
report w ndow.
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7.5. Exception Handling

* *(hject Qut-of-Order Arrival:* Receiver MJST record by actual
arrival tinme without reordering. Arrival tinme reflects actual
net wor k behavi or; out-of-order itself is a valid network signal.

* *Duplicate Objects:* Receiver SHOULD i ghore duplicate arrivals,
retaining the first arrival tine.

* *Feedback Track Publish Failure:* Receiver SHOULD retry
est abl i shing Feedback Track with backoff strategy. Retry interval
i s RECOWWENDED to use exponential backoff (initial 1s, maxi num
30s) .

8. Sender Behavi or
8.1. (Object to QU C Packet Mapping

If a sender needs to correlate MV feedback with | ocal transm ssion
events, it MJST maintain the mapping relationship between Objects and
QUI C packets. Wthout this mapping, the sender cannot determ ne the
nunber of packets, packet |oss count, and delivery duration for a
single video franme, and the per-Qbject status reported by MV cannot
be aligned with sender-side statistics.

8.1.1. bject Ganularity

In real-tinme nedia scenarios, a MQ Object SHOULD correspond to an
i ndependent |y decodabl e nedia unit (a video frame or an audio frane).

Thi s enabl es per-Object feedback in MW to directly carry frane-Ievel
semantics: Object loss = frame | oss, Object expiration = frame
expiration. |If an Object contains nultiple frames or a single frane
spans nmultiple hjects, there will be deviation between the delivery
status reported by MV and the actual nedia quality.

8.1.2. Packet Not Crossing Object Boundaries

Senders SHOULD avoid merging data fromdifferent Objects into the
same QUI C packet.

If a packet contains data fromtwo Objects, then | oss or del ay of
that packet cannot be attributed to a single Object, l|eading to:

* Franme-level packet |oss rate statistics distortion (single packet
| oss affects statistics for both franmes)
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*  Frane-level delivery tinme cannot be accurately neasured
(transmission times of two franes overl ap)
* Per-Object arrival tinme at the receiver becones inaccurate
During inplenmentation, when the QU C send queue attenpts to append
new data to an existing packet, it SHOULD check whether both bel ong
to the same hject; if not, it SHOULD create a new packet.

8.1.3. Sender-Side per-Chject Transmi ssion Statistics

Senders SHOULD nmaintain the follow ng transm ssion statistics for
each hject:

[} i —_——— e p—p—p—p—p—p—_—_———————————————————————————————r L
| Statistic | Description |
[ el el
| sent packets | Nurmber of QUI C packets sent for this Object
dememmeeeieeaaaas T T +
| lost_packets | Nurber of QUI C packets lost for this Object

o e e e oo oo e m e e e e e e e e e e e e e e e e e e e e e e e +
| first_sent_time | Transmission tine of the first packet for |
| | this Object |
R ST +
| all _acked_tinme | Time when all packets for this Cbject are

| | acknow edged |
o e e e oo oo e m e e e e e e e e e e e e e e e e e e e e e e e +

Tabl e 12

Based on these statistics, the sender can conpute:

*  *Frame-| evel bandw dth sanple:* object_size / (all_acked_ tinme -
first_sent tine)

* *Frame-1evel packet loss rate:* |ost_packets / sent packets
* *Frame-level delivery duration:* all_acked_ tinme - first_sent_tine

These netrics provide the foundation for frame-1level BWE and frane-

| evel pacing (Section 8.1.4). Standard CC al gorithns (BBR, CUBIC)
sanpl e bandwi dth at the packet level. Frane-level bandw dth sanpling
serves as a conpl enentary approach, suitable for real-tine video
scenarios with large frame size variations (lI-frames may be 10x

| arger than P-franes), helping to reduce noise from singl e- packet

sanpl i ng.
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Whet her a CC al gorithm provi des BWE out put depends on the al gorithm
type. Mbodel -based al gorithns such as BBR and GCC provi de bandw dt h
estimation; pure |oss-based algorithms |ike CUBIC only output cwnd

wi thout explicit BWE. \When the CC al gorithm does not provide BWE
the MoQ | ayer MAY use frane-|evel bandw dth sanpling as the bandw dth
estimation source.

8.1.4. Frane-Level Pacing

Real -tinme video exhibits significant frane size variations. Wen
using a global fixed pacing rate for transm ssion, |arge franmes
(I-frames) will burst a | arge number of packets in a short tine,
while small frames (P-franes) underutilize the sendi ng w ndow.

Senders SHOULD cal cul ate pacing intervals at Object granularity.

The packet sending interval for each Object is RECOMWENDED to be
conputed as foll ows:

pkt _send_i nterval = nedia_pace_duration / (sent_packets - 1)

Where nedi a_pace_duration is the nedia duration corresponding to this
oject (e.g., 33ms@0fps for video, 20ns@O0f ps for audio). The first
packet of an oject is sent imediately, and subsequent packets are
sent at equal intervals of pkt_send_interval

Thi s approach distributes an Cbject’s data uniformy across its frame
interval. |-frames have denser packet intervals, P-franes have
sparser intervals, but neither produces bursts.

Frame-1evel pacing may conflict with CC s pacing rate. Wen they are
i nconsi stent, senders SHOULD use the | ower sending rate to prevent
frame-1evel pacing from bypassing CC s congestion control

8.2. Application-Layer Consunption
After the sender’s MQ | ayer receives MW, it exposes the follow ng
information to the inference schedul er/ ABR t hrough application-|ayer
cal | backs:

* Delivery quality (loss rate, expiration rate) of the associated
medi a Track

* Per-Object status and tinestanps (can be used for detail ed
anal ysi s)

* Optional nedia netrics (playout headroom bandw dth estination,
etc.)
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The i nference schedul er nmakes deci si ons based on the above
informati on (see Section 9 for details).

8.3. Transport-Layer Consunption (Cross-Layer Control)

The MoQ | ayer synthesizes MVF signals and | ocal CC output, conputes
control decisions, and issues themto CC algorithnms via the cross-

| ayer control interface (Section 3.3). CC algorithns do not directly
parse MVF, but instead execute control conmands fromthe MQ | ayer.
Deci sion inputs, issuable commands, and CC behavi or are described in
Section 3. 3.

8.4. Exanple: MQ Layer Controlling BBR
The core formula of BBR is pacing_rate = bandw dth x paci ng_gai n.

BBR itself estimtes bandwi dth through ACK sanpling and controls
pacing gain via its state machine. 1In cross-layer control npde, the
MbQ | ayer takes over control of pacing_gain. BBR renains responsible
for bandwi dth estimation, while pacing gain is determ ned by the MQ
| ayer based on MW feedback:

‘Y MoQ Layer: 1. Read BBRs BWE 2. Read MM (bjects Lost, Late,
PLAYOUT AHEAD MS, Delta 3. Conpute pacing_gain (conprehensive
judgrment) 4. |ssue pacing_gain --> CC

BBR: 1. Receive pacing_gain 2. pacing_rate = BWE x pacing_gain 3.
Send at pacing rate ‘‘°

Exanpl e logic for MQ | ayer conputing paci ng_gain:

1. *Objects Lost > 0 and BBR |l ocal |loss = 0* --> Reduce pacing_gain
to 1.0 (CC local ACK is normal, but peer is actually |osing
franes; stop probing upward)

2. *PLAYOQUT _AHEAD MsS < 100ms* --> Reduce pacing gain to 1.0
(I'nsufficient playout headroom avoid aggressive probing)

3. *Avg Inter-Arrival Delta consistently positive* --> Reduce
pacing gain to 0.9 (Receiver-side queuing is worsening;
proactively reduce speed)

4. *High proportion of bjects Received Late* --> Reduce
target _bitrate (Transm ssion has no packet | oss but delay exceeds
deadl i ne; reduce per-frane data volunme at the source)

5. *None of the above conditions net* --> Do not issue commands; BBR
runs according to its own state nachine
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When the MoQ | ayer does not issue comands, BBR operates normally
according to its own state nachine. The MQ | ayer overrides

paci ng_gain only when MVF signals indicate intervention is needed;
ot herwi se, BBR operates fully autononously.

9. Application Scenarios: Stream ng Media and Al | nference
This section describes the usage of MW in stream ng nedia and Al
i nference scenarios. Section 9.1 presents a general adaptation
framework, and Section 9.2 illustrates with concrete use cases.

9.1. MVF-Driven Rate-Quality Adaptation

The foll owi ng adaptation rules apply to all MQ stream ng nedi a
scenari os:
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F s oo ey s s sl e o}
| MW Field | Adaptation | Effect | Applicable |
| (Section) | Action | | Scenarios |
[ ety s e ety e o}
| PLAYOQUT AHEAD MS | Reduce | Less data | Video/ Audi o/ |
| downward trend | encoding | per frame | I'nference |
| (5.5) | bitrate | | |
Fom e e e oo o m e e e oo - S S +
| PLAYQUT _AHEAD M5 | Reduce frane | Reduced | Video |
| downward trend | rate / Object | transm ssion | |
| (5.5) | sending | vol ure | |
| | frequency | | |
oo S oo oo +
| Objects Lost > 0 | Reduce | Match | Al |
| (5.4.5) | sending rate | available | |
| | (with CO | bandw dth | |
Fom e Fom e oo oo +
| Objects Received | Reduce | Trade | Al |
| Late > 0 (5.4.4) | quality to | quality for | |
| | neet deadline | tineliness | |
o e e e e oo oo T o e e - o e e - +
| Avg Inter- | Preventive | Avoid sudden | All |
| Arrival Delta | quality | degradation | |
| increasing | reduction | | |
| (5.4.6) | (before | | [
| | packet loss) | | |
o e e e e oo oo T o e e - o e e - +
| PLAYOUT_AHEAD M5 | Gradual ly | Inprove | Al |
| recovery (5.5) | restore | experience | |
| | bitrate/frame | | |
I | rate I I I
Fom e e e oo o m e e e oo - S S +
Tabl e 13

These adaptati ons can be executed at the MQ publishing layer with
per-Object granularity and latency < 1 frame cycle, wthout requiring
application-layer media source cooperation. When the application
layer is an Al inference pipeline, MV can al so adjust inference

pi peline parameters (real-tinme flush, dynam c chunk_size).

Unidirectional and bidirectional adaptati on nbdes are described in
Section 3.4 (Bidirectional MVF).
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9. 2.

Typi cal Use Cases

The foll owi ng use cases assume BBR as the CC al gorithm (integration
met hod described in Section 8.4) and illustrate the effects of MVF in
different scenarios. Al cases follow the strategy of prioritizing
audi o out put and progressively reducing quality.

9.2. 1.

*

9.2.2.

Ji ang,

Use Case A Video Live Stream ng ABR Adaptation

*Scenari o:* Sender publishes video |live streaming with two Tracks:
1080p (3Mops) and 720p (1.5Mops). Receiver is currently
subscribed to the 1080p Track.

*Trigger condition:* Avail able network bandw dth drops from 4Mops
to 2Mops.

*MMF signals:* Proportion of Cbjects Received Late increases
(video franes arrive but exceed deadline), PLAYOUT AHEAD NS
gradual | y decreases.

*CC response: * BBR reduces pacing_rate to match new bandw dt h.
*Application-1layer response:* MQ publishing |ayer detects
persistently high Objects Received Late on the 1080p Track,
triggers ABR switching: switches to 720p Track at the next G oup
boundary (native MbQ Track swi tching mechani sm.
*Recovery:* After MVF reports Ohjects Received Late returning to
normal and PLAYOUT AHEAD Ms recovering, sender nay attenpt to
switch back to 1080p.
*Benefit:* Per-frame integrity and deadline information provided
by MVF enabl es hi gher ABR deci si on accuracy than pure CC-driven
appr oaches.

Use Case B: Bandwi dth Drop (Audio-Video M xed)
*Trigger condition:* Avail able bandw dth drops sharply.

*MMF signals:* (bjects Lost increases, Avg Inter-Arrival Delta
i ncreases, PLAYOUT _AHEAD Ms decreases.

*CC response: * MQ | ayer issues pacing _gain=1.0 based on MV | oss
si gnal, pauses upward probing.

*Application-layer response:* Reduce Qpus bitrate, pause video
Track (prioritize audio).
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9.2.3.

9.2. 4.

9.2.5.

Ji ang,

*Benefit:* Peer-side frane | oss signal from MV and congestion
signal from BBR | ocal ACK can cross-validate. Gadually restore
bitrate after network recovery.

Use Case C. Milti-Layer Quality Adaptation (Al Inference)
*Trigger condition:* Persistent congestion

*MWF signals:* Objects Lost persistently high, PLAYOUT _AHEAD M5 at
| ow | evel

*CC response: * MQ | ayer continuously issues | ow pacing_gain
pauses upward probi ng.

*Appl i cation-1ayer response:* Based on general adaptation from Use
Case B, inference pipeline reduces chunk_size, accelerates audio
flush, reduces output |atency. CC and application |ayer adjust
synchronousl y.
*Benefit:* Per-frame | evel adaptation takes effect within frane
cycle; audio remains uninterrupted throughout. During recovery,
gradual ly restore chunk_size and bitrate.

Use Case D Ceneration Rate Overload (Al Inference)

*Trigger condition:* Inference nodel suddenly generates |ong
response, audi o_response traffic spikes.

*MMF signals:* H gh proportion of Objects Received Late (franes
arrive but exceed playback deadline), Avg Inter-Arrival Delta is
| ar ge.

*CC response: * Reduce pacing_rate.

*Application-layer response:* Reduce encoding bitrate, accelerate
flush, guide inference to generate nore conci se responses (reduce
audi o duration at the source).

*Benefit:* Trade quality for tineliness, avoid playback
stuttering.

Use Case E: Streaming |Input Inference (Bidirectional MW)

*Trigger condition:* Uplink network jitter (stream ng input
i nference scenari o).

*MMF signals:* Input MVF reports high proportion of NOT_RECEIl VED.
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*  *Application-|ayer response:*

- *Client:* Increase chunk size, reduce uplink bitrate, pause
vi deo i nput.

-  *Server:* Manage KV cache, adjust handling strategy for
i ncompl ete input.

* *Benefit:* Bidirectional MW coordinates quality of both uplink
and downlink paths. MVF session activity signals (feedback
frequency, PLAYOUT AHEAD MS) can be used for KV cache eviction and
priority decisions.

10. | ANA Consi derations
Thi s docunent defines the follow ng code points for registration:

*  *TBDL1: * MOQT_MULTI MODAL_FEEDBACK Setup Paraneter Type
(Section 6.1)

* *Delivery Status Code Registry* (Section 5.3):

- 0x00: RECEI VED

- 0x01: RECEl VED LATE

- 0x02: NOT_RECEI VED

- 0x03: PARTI ALLY_RECEI VED
* *QOptional Metrics Type Registry* (Section 5.5):

- 0x02: PLAYQUT_AHEAD MS

- 0x04: ESTI MATED BANDW DTH_KBPS

- 0x10: PEER RTT_US

- 0x12: PEER LOSS_RATE
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