Net wor k Wor ki ng G oup R Randhany

I nternet-Draft BBC
I ntended status: |nformational N. Race
Expires: 16 Septenber 2026 D. King

Lancaster University
15 March 2026

Use Case and Chal |l enges for the Depl oynment of Cbject-Based Media across
the I nternet
draft-rrk-object-based-nedi a- usecase-01

Abst ract

Thi s docunent outlines the chall enges and use cases for the

depl oynent and operation of (bject-Based Media (OBM, also known as
Fl exi ble Media (FM, across the Internet. |t discusses key

consi derations such as conpute-aware traffic steering, netric usage,
bandwi dth optim zation, and | atency reduction techni ques.

The intention of this docunment is to highlight specific challenges or
areas where | ETF investigation and applicable solutions are needed
for the optinmal deploynment of OBM based nedi a servi ces.

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://exanpl e. conf LATEST. Status information for this document may
be found at https://datatracker.ietf.org/doc/draft-rrk-object-based-
medi a- usecase/ .
Di scussi on of this docunent takes place on the WG Worki ng G oup
mailing list (mailto: We@xanpl e.com), which is archived at
htt ps://exanpl e. com WG

Source for this draft and an issue tracker can be found at
https://github. coml USER/ REPO

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Randhany, et al. Expires 16 Septenber 2026 [ Page 1]



I nternet-Draft oj ect - based Medi a

Use Case

March 2026

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng docunments as Internet-Drafts.
Drafts is at https://datatracker.ietf.o

The list of current
rg/drafts/current/.

| nt er net -

Internet-Drafts are draft docunents 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 16 Septenber 2026.

Copyri ght 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 Docunments (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.

, as they describe your rights
ocunent. Code Conponents
extracted fromthis docunment nust include Revised BSD Li cense text as
egal Provisions and are

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

Pl ease revi ew t hese documents carefully
and restrictions with respect to this d

described in Section 4.e of the Trust L

Tabl e of Contents

1. Introduction . .
1.1. nject-Based |\/de a ((BIV) .
1.2. Significance of bject- Based Ma

2. Conventions and Definitions . .

3. Depl oying Obj ect-Based Media SerV| c
1. Conpute Aware Traffic Steer|ng
2. On Path Conputi ng .

3. Bandwi dth Optim sati on St rat egl
4. Latency Reduction Techni ques

5. Media Transport Protocols .

dla

es.

es.

4. Architecture for Object-Based I\/E.dl a

N

5. General Metrics . .
1. Applicable Matrlcs
5.1.1. Delivery Performance
5.1.2. dient Q©E

5.1.3. Cost . .

2 Conpute Metrics .

3 Net work Metrics . .

Fl ex Media Service Types

Randhany, et al. Expires 16 Septenb

.1. Al Agent-Based OBM Architecture .

er 2026

O~NOUITUOTWW

10

10
11
15
17
18
18
19
20
20

22

[ Page 2]



I nternet-Draft bj ect - based Medi a Use Case March 2026

7. Compute and Bandwi dth Estimates for Flex Media . . . . . . . 22
8. Scalability Considerations . . . . . . . . . . . . . . . . . 25
8.1 Server-Side Processing . . . . . . . . . . . . . . . . . 25
8.2. dient-Side Processing . . . . . 25
8.3 Quality of Service (CpS) and Cuallty of Experlence
(@B . . . . .. . . 26
9. Security Cbn5|derat|ons A )
10. Normative References . . e e ... .. ... 26
Appendi x A. | ANA Cbn3|derat|ons 2
Acknowl edgrents . . . . . . . . . L . L. L. 0027
Authors’ Addresses . . . . . . . . . . . . . ..o o027
1. Introduction

hj ect - Based Media (OBM represents a significant evolution in media
distribution, allowing content to be dynam cally assenbl ed,
personal i zed, and optim zed for different devices, user preferences,
and network conditions. Unlike traditional |inear media, OBM
deconposes content into discrete objects such as video segnents,
audi o | ayers, and netadata that can be orchestrated in real-tine.
Thi s approach enhances adaptability, interactivity, and efficient
resource utilization across nedia delivery ecosystens.

The depl oynent of OBM based services introduces several technica
chal l enges, particularly in terms of network infrastructure, conpute
resource managenent, and traffic steering. The integration of
comput e- awar e net wor ki ng techni ques, such as those being devel oped by
the | ETF Conpute-Aware Traffic Steering (CATS) working group, is
crucial to optimzing OBM workflows. By |everaging standardi zed
framewor ks and energing | ETF technol ogi es, OBM can be effectively
depl oyed across diverse nedia ecosystens.

The intention of this docunment is to highlight open gaps or areas
where | ETF efforts are needed for the ongoing depl oynent of OBM based
medi a services. It outlines key OBM service types and their
respective functionalities, enphasizing their inplications for

net wor k and conpute resource managenent.

1.1. nject-Based Media (OBM

Tradi tional media broadcasts, in both radio and video, broadcast a
packaged, edited, single linear streamof information to all users
regardl ess of playback device or environmental factors. bject-based
medi a represents a significant shift fromtraditional nedia
production and broadcasting nethods, focusing instead on creating,
storing, and transmitting nedia as a collection of discrete objects
(such as audio, video, or text elenents) rather than a single,
unchangeabl e stream This approach allows for nmedia to be nore
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interactive, adaptable, and personalised to individual viewers or
listening environnents, offering several advantages for the future of
tel evision and other nedia experiences.

oj ect-based (OBM nedia, al so known as Flexible Media (FM, enables
content to be tailored to individual preferences or requiremnments.

For instance, a viewer could adjust the |evel of background nusic in
a program swtch between different canera angles, or select which
storyline to followin a conplex narrative. This |evel of
personal i sati on enhances vi ewer engagenent and satisfaction. 1t can
greatly inprove accessibility features for diverse audi ences. For
exanpl e, audi o descriptions for the visually inpaired or sign

| anguage for the deaf can be seam essly integrated and toggled on or
of f according to the viewer’'s needs. This inclusivity expands the
reach of the content to a w der audi ence.

Efficient use of Internet bandw dth, especially at scale, is crucial
Br oadcasters can optinize bandw dth usage nore efficiently by
transmtting only the objects necessary for a particular viewer’s
experience. This is particularly beneficial in environments with
constrai ned bandwi dth or users with linmted data plans. FM nedia can
be designed to be conpatibl e across various devices and screen sizes,
ensuring a consistent user experience whether the content is viewed
on a snartphone, tablet, or large television screen. This
scalability is crucial to the variety of devices and screens.

FM content can be stored on Content Delivery Networks (CDNs), which
efficiently distribute digital content, such as nultinedia files and
|ive streans, over |IP networks to multiple endpoints and vi ewers.
Typically, a CDN includes one or nore servers responsible for
delivering digital objects or streams. Additionally, it features a
managenment or control systemthat handl es various operations such as
content distribution, request routing, reporting, netadata
managenent, and other functionalities essential for the systenms

per f or mance.

Cont enpor ary approaches to nmedia delivery are chall enging for OBM
content distribution. The flexibility in personalised nedia

i ntroduces a chall enge of re-versioning, where the conbinatoria

expl osion of potential content versions nakes it inpractical to pre-
render and store all permutations. On-denand re-versioning can occur
on the device if local processing capabilities and network bandwi dth
all ow the objects to be transported to the device and conposited.
However, medi a object composition will likely need to be offl oaded
upstreamin the distribution pipeline to enable universal delivery.

Randhany, et al. Expires 16 Septenber 2026 [ Page 4]



I nternet-Draft bj ect - based Medi a Use Case March 2026

1.2. Significance of bject-Based Media

An OBM service is personalised nedia such as stories, audi obooks, and
ganmes. This content is generated based on user preferences and
experiential learning, ensuring a tailored experience. 1t enploys
mul ti-directional delivery nmethods, allow ng user-generated content
and personalised nmedia to thrive. This "software-powered content”
caters to end-users, the primary recipients and participants in this
dynani ¢ ecosystem

From a network distribution perspective, OBM nedia requires a robust
and flexible delivery infrastructure capable of handling the dynanic
assenbly of content based on user interactions and preferences. This
necessitates advanced content delivery networks (CDNs) and edge
computing solutions that efficiently process and deliver personalised
content streans. Moreover, the scalability of this approach is
critical, as it nmust support a potentially vast nunmber of unique user
experiences generated fromthe same set of nedia objects. By
separati ng nedi a conponents, creators can offer nultiple versions of
content tailored to different needs, such as alternative audio tracks
for different |anguages or visually inpaired audi ences requiring
descriptive audio. This level of adaptability not only enhances the
user experience but al so broadens the audience’s reach

Personal i sati on of media can occur in nultiple stages if regional and
personal preferences are considered. Delivery infrastructures for
personal i sed medi a need therefore offer flexibility in creating
dynam ¢ nmedi a conposition stages at various locations in the network
to efficiently support the various personalisation pernutations.
Further, the selection of nmedia conposition sites depends on the
availability of conpute resources, proximty to storage for nedia
objects and if user agency is afforded, round-trip tines to the
destination Cient.

2. Conventions and Definitions

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

The following terms are used in this docunent:
* Al: Artificial Intelligence ains to create systens capabl e of
performng tasks that typically require human intelligence, such

as under st andi ng natural |anguage, recogni zing patterns, and
maki ng deci si ons.
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* Al Agent: An autonompus software entity that perceives its
envi ronment, reasons over goals, and takes actions (including
communi cating with other agents) to fulfil a delegated task. In
the OBM context, Al agents inplenent functional conponents such as
the Flex Media Orchestrator, the Conmpute and Object Allocator, and
the Network Orchestrator

* Agent-to-Agent (A2A) Communi cation: A structured interaction node
in which Al agents exchange nessages to del egate tasks, advertise
capabilities, report status, and negotiate resource usage. A2A
conmuni cati on requires a protocol capable of supporting these
interaction patterns in a secure and interoperabl e nmanner.

* Cients: Media playback applications are designed to request and
i ngest flexible media content.

* Edge Conputing: Is a conmputing pattern that noves conputing
infrastructures, i.e, servers, away fromcentralized data centers
and instead places it close to the end users for |ow | atency
communi cat i on.

* Network Edge: Is an architectural demarcation point used to
i dentify physical |ocations where the corporate network connects
to third-party networks.

* (bjects: Assets that are used to nmake a piece of content.

* Scheduler: Instantiates executors for jobs at a local controller
based on the resources available at the conpute site where the
system resi des.

* Service: A nedia stream of user-generated personalised content.

* Service identifier: An identifier representing a service, which
the clients use to access it.

3. Depl oyi ng Obj ect-Based Medi a Services

It is inportant to optim se network traffic in OBM environments where
conputing resources are distributed across nultiple locations. This
i nvol ves nmaki ng the network aware of the conputational context: where
conmputing resources are located, their capabilities, and their
current load or availability. By analyzing these factors, the
network can optim ze routing decisions, inproving efficiency,
reduci ng | atency, and enhancing the performance of networked
applications and services. Unlike traditional nmedia formats, OBM
treats nedi a el enents as i ndependent objects that can be orchestrated
at runtinme. This docunent outlines the use cases and requirenments
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for OBM enphasising the possible role of the | ETF Conpute-Anare
Traffic Steering (CATS) initiative in optimsing the delivery of OBM
content. Key conponents of OBM i ncl ude:

* NMedia Objects: Discrete el enents such as video segnents, audio
| ayers, and met adat a.

* (Orchestration Engine: Determ nes how objects are assenbl ed based
on contextual factors.

* Delivery Mechani snms: Network protocols and architectures enabling
obj ect transport and synchronisation

The dynami c nature of OBM necessitates advanced traffic steering
mechani sms that can adapt to conpute and network constraints in real -
time.

3.1. Conpute Aware Traffic Steering

Depl oyment of OBM services introduces several technical challenges,
particularly in the context of Conpute Aware Traffic Steering (CATS)
Real -ti me adaptation of conpute resource usage is a ngajor challenge,
as nedi a obj ects nust be dynamically conposed and delivered based on
changi ng network and compute conditions. Synchronisation across

di stributed conpute nodes is also essential, ensuring coordinated
medi a obj ect delivery and processing across edge, cloud, and on-
prem se conpute resources. As the process is nmanaged an additiona
chal l enge of Quality of Experience (QE) managenent, where conpute
resource usage nust be bal anced with perceived quality inprovenents
to enhance the user experience, is also required.

To support OBM delivery, conpute-aware traffic steering nust fulfi
several requirements. It nust possess dynanic compute resource

awar eness, allow ng assessnent and adaptation to avail abl e conpute
power along the delivery path. Milti-layer orchestration is
necessary to coordi nate network-layer traffic steering with
application-layer OBM conposition. Lowlatency conpute routing is
crucial for mnimsing processing delays in interactive nedia
experiences. Additionally, scalability and | oad bal anci ng are needed
to ensure efficient distribution of nmedia object processing,
preventing conpute bottlenecks. Lastly, edge-aware optim sation
shoul d be integrated to | everage edge conputing for |atency-sensitive
OBM appl i cati ons.
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3.2. On Path Conputing

The Conputing-Aware Traffic Steering (CATS) framework is designed to
enhance traffic steering by considering both network and conputing
resource netrics. The approach ains to optimze service delivery in
envi ronnments where conputing resources are distributed across

mul tiple edge sites.

There are several conponents in CATS Franmewor k

* Service Sites and Instances: These are |ocations hosting one or
nmore service instances capabl e of processing client requests.

* CATS Service Metric Agent (C-SMA): This conponent collects metrics
related to the performance and availability of service instances.

* CATS Network Metric Agent (C-NMA): Responsible for gathering
network-related nmetrics, such as |atency and congestion status.

* CATS Path Selector (GPS): Uilizes nmetrics fromboth G SMA and
C-NVA to make informed traffic steering decisions, ensuring
optimal service delivery.

* CATS Traffic Cassifier (CTC): Identifies and classifies incomng
traffic to apply appropriate steering policies.

The described workflow in the CATS framework assumes a classic
client-server interaction, where a client submits a conpute request,
a server processes it, and the result is returned to the origina
requester. This nodel aligns with the current CATS architecture, in
whi ch the CATS Path Sel ector (C-PS) determnes the nost suitable
comput e instance and steers traffic accordingly.

There is an additional requirenent where nultiple conpute instances
"on the path" that the CPS m ght choose and steer traffic. For
exanple, a flex nmedia experience will be steered between nultiple
comput e service instances (nedia object conpilers), before finally
being steered to a CDN server to be cached, or back to user. These
scenario would require a slight nodification to the CATS framework,
and is presented bel ow.

The CATS framework describes a single conpute instance performng the
necessary conputation before returning the result. Enabling on-path
compute woul d require support for sequential steering, allow ng CPS
to dynamically route traffic between nultiple conpute instances
before delivering the final output. The CATS Service Metric Agents
(CSMA) and CATS Network Metric Agents (C-NMA) may al so require
enhancenments to track nultiple processing stages, ensuring each

Randhany, et al. Expires 16 Septenber 2026 [ Page 8]



I nternet-Draft bj ect - based Medi a Use Case March 2026

instance is selected efficiently based on conpute and network
conditions. This extension transforms the CATS franework froma
singl e-step conpute selection nodel into a nulti-hop, conpute-aware
pat h.

Fomm o - +
| source|
Fom o - -+ N +
| | desti nati on|
+o-m - - AR, + +----- +----- +
+----- + C-TC | |
| |- | |
SEEEEE + | CATS- For war der | AEEEEE SRR
] CGPS|..]| [...... | Edge |...
| | | Router |
+o-m - - SN R + S SRR +
Fomm o - +
| CNVA | Under | ay
Fo-em- - + Infrastructure
oo s + oo s +
| CATS- Forwarder| +------- + | CATS- For war der |
S |..] CGSMA |..| | .:
Fomm e - o - Fomm - - +  ------- R D T +
| | | Csw |
| | AR, +o-m - - +
I I I
I I I
T + T +
S +| S +|
| Service | | | Service | |
| Contact | | | Contact | |
| Instance |-+ | Instance |-+
Fom e e o - + Fom e e o - +

To fully realise OBM services, a new requirement exists where

mul tiple conmpute instances may exist along the network path, and the
C-PS may need to steer traffic between them sequentially rather than
directly selecting a single endpoint.

For exanple, in a OBM experience, a request m ght be processed by

mul tiple conpute instances (such as a conpute-heavy nedi a object
compi l er and an additional GPU node for rendering 3D overlay graphics
or providing descriptive audio narration) before finally being
directed to a CDN server for caching, or back to the user that
requested the service.

Randhany, et al. Expires 16 Septenber 2026 [ Page 9]



I nternet-Draft bj ect - based Medi a Use Case March 2026

Thi s approach introduces a nmulti-stage conmpute workfl ow i nstead of
the single-step selection nodel in the existing CATS framework.

3.3. Bandwidth Optimsation Strategies

To be discussed in future versions of this document.
3.4. Latency Reduction Techni ques

To be discussed in future versions of this docunent.
3.5. Media Transport Protocols

The I nternet Engi neering Task Force (I ETF) has been involved in
nunerous initiatives and has devel oped vari ous standards and
protocols to inprove and facilitate video nedia delivery across
Internet infrastructure.

* Real-Time Stream ng Protocol (RTSP): Defined in [RFC7826], RTSP
controls stream ng nedia servers. RTSP is designhed to control
medi a sessi ons between endpoints and acts as a network renote
control for nultimedia servers.

* Real -time Transport Protocol (RTP): Specified in [ RFC3550], RTP
delivers audio and video over IP networks. It is widely used in
stream ng medi a systems, video conferencing, and push-to-tal k
features (Vol P).

* RTP Control Protocol (RTCP): Defined al ongside RTP in [ RFC3550],
RTCP provi des out-of-band statistics and control information for
an RTP flow. It nonitors transmi ssion statistics and quality of
service (QS) and aids in synchronisation between different
streans.

* HITP Live Streaming (HLS): Wiile initially devel oped by Apple and
not originally an I ETF standard, HLS has becone wi dely adopted for
online streaning |live and on-demand vi deo content. The | ETF has
docunents that discuss HLS within the context of internet
infrastructure, such as [RFC8216].

* Media Over QU C (MQ: To be discussed.

Future versions of this docunented will highlight specific techniques
that would bring benefits to the consumer (user) and provider of OBM
servi ces.
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4. Architecture for (bject-Based Media

The foll owi ng sections discusses a high-level architecture and
functional conponents for the deploynment of OBM services.
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| Job Schedul er | | Job Schedul er |
| Comput e All oc| | Comput e All oc|

I I
I I
| | Distributed Conpute | |
| | G&id (Nodes/Jobs) |
I I

| Cor e Net wor k |
| (doud & Tel econm |
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The above figure provides a conceptualized architecture for flex
medi a processing and delivery, where nmedia objects are dynanically
assenbl ed and personalized for individual users. Unlike traditiona
medi a streami ng, which delivers a pre-encoded |inear stream OBM
deconposes content into discrete nedia objects such as video
segnents, audio tracks, subtitles, and netadata. These objects are
retrieved, processed, and conpiled dynanically based on user

pref erences, user device capabilities (or distributed and dedi cated
comput e nodes), and network conditions.
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o +
| BBC Fl ex Media Orchestrator |
| o e e e e e e e oo oo - +
| | Policy Decision |
| | Site Manager |
| | Site Observer (d oud) | ]
| S +
St Fomm - - +
I
I
U + +--mna + U + |
Users |------ > CDN | <----- >| St or age |
+o-o - - - + +----- + . + |
I I I
I v I
| o m e e e e e e e e e e a oo + |
| | BM Ingress Site | |
| | +---mem - + - + |
|----- > | Media Switch|-->] Cache | ] |
| | S + o e e e e oo o + | |
| | | Job Board | | Schedul er | < |
| | | Board Ctrl | | Flex Media | | |
| | | CDN PoP | | Net Perf | |
| | +---mem - + - + |
| e + |
n I
I I
B S o m e e e e oo - + |
| Conpute Site R T +
I R + Hememeee-a- + |
| | Media Server 1 |->| Jobs | |
| | Media Server N |->| Storage | |
| TS e + |
| o m e e e e e e e o o + |
| | Medi a Orchestrator | |
[ R R + |
| | Site Controller | Allocator| |
| o m e e e e e e e e e e e mam o + |
T +

Users are shown as interacting with a systemthat manages

personal i zed medi a queues. Each user is associated with a dedicated
queue that maintains a sequence of nedia objects tailored to their
specific requirements. This approach allows for fine-grained control
over content delivery, ensuring that nedia elements are custom zed in
real-tine. The (hject Media Queue Manager is responsible for

handl i ng these personalized queues and forwardi ng processing requests
to the appropriate conpute resources. These conponents coordinate
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the retrieval and processing of nedia objects by distributing tasks
across avail abl e resources. The Job Schedul er determ nes the order
and priority of processing tasks, while the Resource Allocator

assi gns conputational and storage resources to execute them This
schedul i ng nechanismis critical for balancing resource utilization,
optinmi zing media rendering, and ensuring | ow |l atency delivery.

The Conpute and Cbj ect Resource |ayer, which includes distributed
comput e nodes and storage el enents responsi ble for processing nmedia
obj ects. The connections between the Job Schedul er, Resource

Al l ocator, and conpute nodes all ow workl oads to napped to specific
resources. The dynam ¢ schedul i ng approach where different nedia
obj ects are processed in parallel across multiple conpute units,
enhances scal ability and efficiency, enabling personalized nedia
delivery at scale. By integrating conpute-aware resource scheduling
wi th object-based nedia workflows, this architecture supports
adaptive content distribution while optim zing network and conpute
resour ces

4.1. Al Agent-Based OBM Architecture

The functional conponents described in the OBM architecture are well -
suited to inplenmentation as Al agent entities that autononously
reason, plan, and act to fulfil their respective roles. 1In this
nmodel , each maj or functional conponent operates as an intelligent
agent capabl e of perceiving its environment, making decisions, and
communi cating with peer agents to achi eve coordi nated nmedi a delivery
out cones.

Three primary agent entities map directly onto the existing OBM
functional architecture:

* Flex Media Ochestrator Agent: Acts as the top-level orchestration

agent. It accepts user requests, applies personalisation
policies, deconposes delivery goals into subtasks, and del egates
work to subordinate agents. It nmaintains awareness of user

pref erences, session state, and editorial constraints, and is
responsi ble for overall (QoE optimsation

* Conpute and Ooject Allocator Agent: Operates as a resource
managenment agent. |t receives task assignnents fromthe Flex
Medi a Orchestrator Agent, negotiates conpute resource allocation
across distributed nodes, tracks job status, and reports resource
availability back to the orchestrator. It nay spawn, reassign, or
term nate conmpute jobs in response to changi ng conditions.
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* Network Orchestrator Agent: Functions as a network-aware delivery
agent. It receives content delivery requirements fromthe
Orchestrator and Al l ocator agents, reports on current network
conditions (latency, bandw dth, congestion), and steers traffic to
optinmise nedia object delivery to end users, in coordination with
t he CATS framework.

The followi ng diagramillustrates the agent entities and their
communi cati on rel ati onshi ps:

| FIl ex Media Orchestrator Agent |
| - Personalisation policy & user state |
| - Task decomposition & del egation |
| - QoE optimsation & session managenent |

TS o e e e e e e e oo S SRR +
I I
[ Task Request] [Delivery Req.]
[Capability Query] [Capability Query]
I I
% %
o e e e e m oo oo + o e e e e e e oo oo oo +
| Compute & Object | | Network Orchestrator |
| Al'l ocator Agent | | Agent |
| - Resource alloc. | | - Traffic steering |
| - Job scheduling | | - Path selection |
| - Capability report |<->|] - Network metric report|
o e e e e m oo oo + o e e e e e e oo oo oo +
[Status / Result] [Status / Metrics]
o e e e e e e e e e e oo - +
I
%
o e e e e e e e oo +

| Flex Media Orchestrator |
| (Feedback & Re-planning) |

Agent -t 0-agent (A2A) comuni cati on between these conmponents requires
a structured protocol supporting task del egation, capability
advertisenent, status reporting, and negotiation. Key requirenents
for such a protocol in the OBM context include:

* Capability Discovery: Agents nust be able to advertise and query
the capabilities of peer agents, such as avail able conmpute types,
supported nedi a object formats, or current network path
characteristics, so that the orchestrator can nake i nformed
del egati on deci si ons.
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* Task Del egation and Confirmation: A structured request-response
mechani smis needed for the Flex Media Orchestrator Agent to
del egate processing or delivery tasks to subordi nate agents, and
to recei ve acknow edgenent, rejection, or a counter-proposal based
on current resource availability.

* Asynchronous Status Reporting: Agents nust be able to
asynchronously report on the progress and outconme of del egated
tasks, including conpute job conpletion, quality degradation
events, or network condition changes that adversely affect QoE.

* Negotiation and Conflict Resolution: Wen nultiple agents contend
for shared resources, or when QOE constraints cannot be
si mul taneously satisfied, a negotiation nechanismis needed to re-
prioritise tasks and adapt the delivery strategy in real tine.

* Security and Authorisation: Agent interactions nust be
aut henticated and aut horised to prevent unauthorised task
i njection or resource manipulation, particularly in nulti-operator
or federated depl oynent scenari os.

Ener gi ng Al agent comuni cation frameworks, such as the Model Context
Protocol (MCP) and Agent-to-Agent (A2A) protocols, represent

candi date nmechani sns for structuring these interactions. However,
their integration with existing | ETF transport, application-I|ayer,
and nedi a delivery standards (including CATS-based traffic steering
and the nmedia transport protocols described in Section 3.5) requires
further investigation.

5. General Metrics

In traditional routing systens, often network path costs nmay not
change frequently unless there is a resource failure or planned

out age, whereas network traffic engineering netrics, such as
avai | abl e bandwi dth, may fluctuate nore dynamically. However, the
conputation-oriented netrics relevant to OBM can be highly vari abl e,

i nfluenced by factors such as session nunbers, CPU and GPU
utilisation, and nenory consunption. Determ ning the appropriate
interval or triggering events for distributing this information is
critical, as overly frequent updates may cause unnecessary signalling
over head.

OBMrequires the ability to dynamically assess conpute availability
and adj ust nedi a object delivery accordingly. Depending on the

deci sion | ogic associated with OBM service delivery, one or nore
conmpute-related nmetrics nust be conveyed within a CATS domain. The
frequency of such conveyance nust be optinised to ensure that
signal li ng overhead does not introduce additional network congestion
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Wil e existing routing protocols can provide a baseline for conveying
such nmetrics, alternative mechanisms may be required to efficiently
i nt egrate conpute-aware deci si on-nmaki ng processes

Furthernore, an effective OBM system shoul d bal ance network path
selection with the real-tinme availability of conpute resources to
ensure optimal QE. This may involve | everaging distributed conmpute
resources across the network, matching conputing workl oads to
resource-availability and allowing OBM el ements to be processed
closer to the user when necessary. Mechanisns for synchronising
conput e- awar e deci sions across different network segnents will be
crucial to ensuring seamnl ess nedia conposition and delivery.

The categories of nmetrics relevant to OBMin a compute-aware traffic
steering context include:

*  Conpute and GPU Resource Availability: CPU and GPU utilisation,
menory consunption, and storage capacity at different conpute
nodes.

* Session and User Load: Nunber of concurrent nedi a sessions, user
di stribution, and geographic density of active users.

* Processing Latency Del ays introduced by encodi ng, decodi ng, and
medi a obj ect conposition at various conpute |ocations.

* Network Throughput and Congestion: Avail abl e bandw dth, packet
loss, and jitter affecting nmedia object transm ssion.

* Edge and C oud Resource Allocation: Distribution of OBM processing
tasks between central cloud servers and edge conputing nodes to
bal ance performance and | atency.

5.1. Applicable Metrics

In addition to netrics for assessing conpute suitability and
availability, netrics are also required to select a particul ar
compute site. This decision requires an understanding of both the
cost of offloading and its inpact on Quality of Experience (QoE).

For nost flex nedi a experiences, there are al so baseline QOE
constraints that need to be factored in this decision. These netrics
can be grouped in three main cl asses:

5.1.1. Delivery Performance
This includes netrics associated with video delivery and nedi a

experience responsiveness , if the user is afforded agency via
i nteraction:
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* Frame Rate: target frane rate for the experience (30 fps for video
ani mati ons, sanpling rate for audio); also specifies the rate of
wor k done required to produce the franes i.e. at frame rate 60
fps, twice the anpbunt of conputation is required conpared to a 30
fps of fl oaded experience.

* Franme Size: size of video franes (pixels) or audio sanples (bit
dept h); usual Flex Media video resolutions are 720p, 1080p (HD)
and 2160p (4K)

* Bit Rate: anpunt of nedia data processed per second. Usually
cal culated as Frane Rate x Resolution (bps)

* Delay: The end-to-end delay for streanm ng offloaded flex nmedia
consi sts of the foll ow ng:

- Render Delay: tine to render each frane; this is dependent on
the franme size, the nunber of objects to render and netrics
i ndi cating conmpute type (CPU, SIMD, GPU) and capabilities
(frequency, boosted frequency, nunber of cores, number of
render units, menory bandwi dth, nmenmory size, menory
utilization, core utilization).

- Encode Delay: tine taken to encode and package franes for
stream ng. This depends on encoder type (hardware or
software), encoding type (some are nore optimsed for |ow
| at ency) and medi a segnent | ength.

- Transport Delay: the network propagation delay for a nedia
frame; depends on Frane Size and network bandwi dth

5.1.2. dient QOE

These netrics concern the consunption of flex nmedia and the
perception of degradations by the user. Sone netrics |ike del ay/
asynchrony tolerance are set by editorial guidelines. For exanple,
there are different acceptable delays for interactive TV applications
i ke switching nedia objects than for game-like or XR applications.

* Delay tolerance: The threshold for the particul ar experience
beyond whi ch the del ay becones perceptible/irritating to the user;
usually editorially set as it may be experience-specific.

* (bj ect Asynchrony: the asynchrony between the various objects
bei ng assenbl ed; offl oading one or nore objects processi ng may
result in the objects arriving out of sync at the point of
assenbly due to network delay variation
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* Asynchrony Tol erance: the threshold beyond which the tine shift
bet ween the objects beconmes perceptible to the user. Lip-sync
(between audi o and vi deo objects) has a | ower asynchrony tol erance
than Picture-in-Picture.

* (bject Quality: the average Frane Rate and the Frane Size of the
medi a obj ect; objects can be streamed at different qualities to
meet bandwi dth constraints based on user perception.

* Quality Switches (Magnitude, Frequency): if the media object is
delivered via adaptive streanming, then this netric nmeasures the
frequency and magni tude of switches between avail abl e obj ect
qualities (e.g. resolution/bit rates).

*  Nunber of Rebuffering Events: nunber of audio/video stalls over a
time period due to network congestion or server performance
del aying arrival of frames for decodi ng and pl ayback.

* Playback Rate: the rates at which different objects are played at
the point of assembly and presentation. These can vary if |oca
pl ayback adaptation algorithns are used to overcone object
asynchrony.

5.1.3. Cost

5.

2

These netrics refer to the cost of running offl oaded nedia processing
jobs at a selected conpute site and streaming the results back to the
client.

* Render Cost: this is determined fromresources used (CPU +GPU)
the time taken to render, and tinme to encode a given task for
transport.

* Cache Recency: this specifies the (caching policy) i.e. the
priority to be set for keeping a generated object frame in a
cache. Uilisation of a cache reduces conpute resource
utilisation. An object with higher Cache Recency indicates a
hi gher probability that this object will be required by another
client inthe lifetime of the experience.

Conpute Metrics

These netrics are used to assess the suitability of compute resources
and their availability for offloading of flex nedia conpute tasks.
They denote different types of compute hardware as well as their

| evel of utilisation. GPUs will run tasks such as rendering conpl ex
i mges, where NPUs are preferred for repetitive and | ess conpl ex Al
tasks, such as background blurring or object detection
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* Conpute Type: Type of processor (CPU GPU, Frequency, FLOPS,
i nteger, FP8, 4 octets)

* CPU. Frequency, nunber of cores, core utilization, nenory
bandwi dth, nmenory size, nmenory utilization, power consunption.

* @GPU. Frequency, nunber of render units, nmenory bandw dth, nenory
size, nenory utilization, core utilization, power consunption
For

* NPU. TOPS , utilization, power consunption

* System Load Average: A neasure of the average workl oad of a system
over a tine period, providing a snapshot of overall system
per f or mance.

* Storage: Avail abl e space, read speed, wite speed.

5.3. Network Metrics

These netrics enable the assessnment the suitability ot network |inks
based on their characteristics as they can adversely affect QoE

* Latency: The tine it takes for data to travel from source to
destination is critical for the tine-sensitive delivery of flex
medi a.

*  Bandwi dth: The maxi numrate of data transfer across a network
path, indicating the capacity of the network |ink

* Packet Loss: The percentage of packets that fail to reach their
destination, affecting the network connection quality.

* Jitter: The variability in packet delay can inpact the performance
of real-tinme applications |like VolP or video stream ng.

*  Throughput: The actual data transfer rate achieved can be | ower
than the avail abl e bandwi dth due to various factors like
congesti on.

* FError Rates: The rate of erroneous packets, indicating the quality
of the network Iink.
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6

Fl ex Media Service Types

OBM enabl es the deconposition of traditional (linear) nedia content
into discrete nedia objects that can be dynam cally sel ect ed,
assenbl ed, and delivered based on user preferences, device
capabilities, and network conditions.

Thi s approach enhances personalization, adaptability, and efficiency
in media delivery. THere are specific key OBM service types,
i ncl udi ng:

* Narrative Versioning: enables the dynam c adaptati on of nedia
content by allowing nultiple versions of a narrative to be encoded
as separate nedia objects. These objects can be selected and
assenbled in real-time based on user preferences, accessibility
requirenents, or contextual factors such as location, tinme of day,
or device capabilities.

* Layered Conpositing: involves dynam cally assenbling media content
by overlaying multiple independent nmedia | ayers. This approach
allows for real-time custom zation and nodification of nedia
streans without requiring pre-rendered conpositions.

* Rendered Objects: refers to nedia elenents that require
comput ati onal processing before playback. These objects are
dynani cal | y generated based on real-tinme conditions, user
interactions, or Al-based content synthesis.

* Non- Graphi cal Objects enconpass netadata, control |ogic,
interactivity triggers, context-aware overlays, and sensory
el ements (e.g., haptic feedback, spatial audio cues). These
objects facilitate context-aware and interactive medi a
experi ences.

These four service types formthe foundati on of OBM and enabling
personal i zed, context-aware, and interactive media experiences.
These capabilities align with emerging trends in in-network
computi ng, edge processing, and Al-driven content adaptation for
next - generati on medi a applications.

Conput e and Bandwi dth Estimates for Flex Mdia

A single conpute node can handl e approxi mately 60 users for 4K
content at 30Hz and 1,200 users for HD content at 30Hz.

Conpute Estinmates: Narrative Versioning
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| Nunber of Users | Wrst Case | Best Case (90% Cache Hits)

| 10,000 users | 45 nodes | 5 nodes |
| 250,000 users | 1,125 nodes| 113 nodes |
| 1,000,000 users| 4,500 nodes| 450 nodes |

| 10, 000 users | 111 nodes | 84 nodes |
| 250,000 users | 2,775 nodes | 2,082 nodes |
| 1,000,000 users| 11,100 nodes| 8, 325 nodes |

| 10,000 users | 138 nodes | 104 nodes |
| 250,000 users | 3,450 nodes | 2,600 nodes |
| 1,000,000 users| 13,800 nodes| 10,400 nodes |

| 10,000 users | 10 nodes
| 250,000 users | 250 nodes
| 1,000,000 users| 1,000 nodes|

Bandwi dt h requirenments vary based on content resolution, the numnber
of sinmultaneous users, and the type of nedi a being delivered.
Bandwi dth for Different Resol utions:

* HD (1080p) at 30Hz: A typical bitrate for HD stream ng at 30
frames per second is around 5-8 Mops.

* 4K at 30Hz: Stream ng 4K content at 30 franes per second usually
requires a bit rate of 15-25 Mops.
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HD Bandwi dt h Requi renents per # of Users

o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e +

| Type | Nunber of Users | HD Bandwi dth Req. (Mps) |

Fom ek o e e e oo e e e e e e e eaea oo n +

| Narrative | 10,000 | 25,000 - 40,000 |

| Versioning | 250, 000 | 625,000 - 1,000, 000 |

| | 1,000, 000 | 2,500,000 - 4,000,000 |

| Layered | 10,000 | 25,000 - 40, 000 |

| Conpositing| 250,000 | 625,000 - 1,000, 000 |

| | 1,000, 000 | 2,500,000 - 4,000,000 |

| Rendered | 10, 000 | 25,000 - 40,000 |

| Onjects | 250, 000 | 625,000 - 1,000, 000 |

| | 1,000, 000 | 2,500,000 - 4,000,000 |

o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e +

4K Bandwi dt h Requi renments per # of Users

e m o e e e e e e e e e e e e e e e e e e e e e e e e e e e eem e +

| Type | Number of Users | 4K BW Requirenent (Mps)
R o e e e oo o e e e e e +

| Narrative | 10,000 | 75,000 - 125, 000 |

| Versioning | 250,000 | 625,000 - 1,000, 000 |

| | 1,000, 000 | 2,500,000 - 4,000,000 |

| Layered | 10, 000 | 25,000 - 40, 000 |

| Conpositing| 250, 000 | 625,000 - 1,000, 000 |

| | 1,000, 000 | 2,500,000 - 4,000,000 |

| Rendered | 10,000 | 25,000 - 40, 000 |

| Onjects | 250, 000 | 625,000 - 1,000, 000 |

| | 1,000, 000 | 2,500,000 - 4,000,000 |

e m o e e e e e e e e e e e e e e e e e e e e e e e e e e e eem e +

Total (HD and 4K) Bandw dt h Requirenents per # of Users
e m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeoo oo +
| Type | Nurmber of Users | Total Bandw dth (Gbps)
o o o e e e e e e e e e e oo - +
| Narrative Versioning | 10, 000 | 100 - 165 |
| | 250, 000 | 2,500 - 4,125 |
| | 1,000, 000 | 10,000 - 16,500 |
| Layered Compositing | 10, 000 | 100 - 165 |
| | 250, 000 | 2,500 - 4,125 |
| | 1,000, 000 | 10,000 - 16,500 |
| Rendered bjects | 10, 000 | 100 - 165 |
| | 250, 000 | 2,500 - 4,125 |
| | 1,000, 000 | 10,000 - 16,500 |
e m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeoo oo +
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8.

8.

8.

Scal ability Considerations

Scal ability concerns for OBMdistribution at scale are significant
due to the inherently conplex and dynam c nature of delivering
personal i sed, interactive content to a w de audi ence. These concerns
primarily revolve around the foll owi ng aspects:

* Network Bandw dt h: Obj ect-based nedia, by its nature, can require
nmore data transmission than traditional |inear media because it
i nvol ves sending nultiple nmedia objects (and potentially nultiple
versi ons of each object) to allow for user custonisation and
interactivity. This can lead to increased bandw dth demands,
particularly during peak usage tines, posing challenges for
content delivery networks (CDNs) and end-user internet
connecti ons.

* Conpute Resource Usage: To be discussed in |ater versions of this
docunent .

Addressing these scalability concerns requires innovative sol utions
in content distribution architectures, such as nore intelligent edge
conmputing framewor ks, advanced caching strategies, nore efficient
encodi ng techni ques, and the devel opnent of new standards and
protocol s desi gned to support the dynam ¢ nature of object-based
media. Additionally, |everagi ng advancenents in network
infrastructure, such as 5G and beyond, can provide the high bandwi dth
and | ow | atency needed to deliver personalised, interactive nedia
experiences to | arge audi ences.

1. Server-Side Processing

The dynami c assenbly of nedia objects based on user preferences,
context, or device capabilities can inpose significant processing

| oads on servers (conpute nodes), especially for live or real-tine
content. Scalability challenges arise in efficiently nmanaging these
conmput ati onal demands, particularly when serving a | arge and
concurrent user base.

2. (dient-Side Processing

The variability in client devices (ranging fromsnmart TVs and set-top
boxes to smartphones and tablets) poses challenges in ensuring a
consi stent and seamnl ess user experience. Scalability issues nmay
arise fromthe need to adapt real-time content to each device's
capabilities, considering factors such as processi ng power, screen
size, and avail abl e bandw dt h.
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8. 3.

10.

Quality of Service (QS) and Quality of Experience (QE)

Mai nt ai ni ng hi gh QS and QOE | evels as the user base scales is
critical. This includes challenges related to mnimsing buffering,
ensuring synchronisation between nedi a objects (e.g., audio tracks
with video), and adapting to varying network conditions in real tine.

Security Consi derations

Ensuring security, privacy and user confidentiality in flex nedia
requi res careful nmanagenent of conpute-related and object (asset)
informati on. Exposing details about conpute and asset resources to
the network may inadvertently reveal sensitive application or domain-
|l evel data. To mitigate this risk, strategies for protecting
sensitive informati on should be incorporated into depl oynents.

Further discussion on this topic will be required.
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