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1. Introduction

According to [ RFC8655], Determ nistic Networking (DetNet) operates at
the I P layer and delivers service which provides extrenely | ow data

| oss rates and bounded | atency within a network donmain. The bounded
| atency indicates the mnimum and maxi mum end-to-end | atency from
source to destination and bounded jitter (packet delay variation).

[ RFC8578] has presented use cases for diverse industries and these
use cases differ in their network topol ogies and requirenents. It
shoul d provi de specific desired behaviors in DetNet.

[1-D.ietf-detnet-scaling-requirenments] focus on the scaling
determnistic networks and describes the enhanced requirenents for
Det Net enhanced data plane including the determnistic |atency
guarantees and it al so nmentioned the enhanced Det Net shoul d support
different levels of application requirenents which is inmportant for
the Det Net deploynment. There are a variety of use cases in scaling
determnistic networks which is not covered in [RFC8578]. It is
required to provide the typical use cases for scaling determnistic
net wor ks and anal yze the SLAs requirenments and desired behaviors in
enhanced Det Net .

The industries covered by the use cases in this docunent are:
* Industrial Internet (section 3.1)
* High Experience Video (section 3.2)
* Intelligent Conputing (section 3.3)
* | SAC- Enabl ed Smart Factory(section 3.4)
Thi s docunent describes use cases and network requirenents for
scaling determnistic networks including industrial internet, high
experience video and intelligent conputing and outlines the common
properties inplied by these use cases.
1.1. Requirenents Language
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC 2119 [ RFC2119].
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2. Term nol ogy
The term nol ogy is defined as [ RFC8655] and [ RFC8578].
3. Enhanced Use Cases and Network Requirenents
3.1. Industrial Internet
3.1.1. Use Case Description

In the industrial internet, the entire industrial process can be
roughly divided into research and devel opnent design, production
manuf acturi ng, operation and mai ntenance services. The typica
appl i cation prospects of deternministic networks mainly include ultra-
hi gh definition video, cloud-based robots, renmpte control, machine
vision, and cl oud-based AGV. The scenarios such as nachi ne vi sion,
AGVY intelligent control, renote control, and AR assisted robotic arm
control denmand deterministic requirements.

3.1.1.1. Machi ne Vi si on

The nmachi ne vision system needs to achieve real-tinme renote

nmoni toring function, which requires high-speed and | arge connectivity
characteristics. It can nonitor the production process execution
managenment system (MES) of manufacturing enterprises through nobile
and portable terminals without entering the workshop, and obtain the
operating status of the visual inspection system such as nornal
operating tinme, effective operating tine, fault cause etc. It is
bandwi dth sensitive and demand cl oud-based depl oynent and w de area
net wor ks requi renents.

The followi ng table shows the main network requirements of machi ne
vi sion. (These netrics are based on 3GPP Standard 3GPP TS 22.104, 3GPP
TR 22. 261, and 3GPP TR 22.829.)

St St +
| Machi ne Vi si on Requi r enment | Attribute |
oo m e e e e e e e e e e ao - oo m e e e e e e e e e e ao - +
| Bandwi dt h | Real tinme upload of inage |
| | i nformati on: >50M |
I I I
| One-way maxi mum del ay | 10 s |
| | |
| Avail ability | 99. 99% |
. . +
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Figure 1: Requirements of Machine Vision
3.1.1.2. Renote Control

Renote control can ensure personnel safety, inprove production

ef ficiency, and achi eve assistance fromnultiple production units.
In order to achieve the effect of renote control, the controller
needs to send status information to the controller through a
communi cati on network based on renote perception. The controller
anal yzes and nakes deci sions based on the received status
informati on, and then sends corresponding action instructions to the
controll er through the conmunicati on network. The controller
executes the correspondi ng actions based on the received action
instructions, conpleting the renote control process. In order to
guarantee control effectiveness, conmunication network | atency,
jitter, and reliability are even nore inportant. The typica
application is cloud-based PLC (Programrabl e Logic Controller). It
is jitter sensitive and cl oud-based PLC demand wi de area networks
requirenents.

The foll owi ng table describes requirenents of C oud-based PLC
(These netrics are based on 3GPP Standard 3GPP TS 22.104, 3GPP TR
22.261, and 3CGPP TR 22.829.)

Bandwi dt h | I'mage/ vi deo stream upl oad, |
| upstreanr50Mops; |
| PLC control command issued, |
| downstreanr50kbps; |
I I
One-way nmaxi mum del ay | Wthin workshop | evel equipnent: 1ns|
| Wor kshop | evel equi prment room 10ns |
| Renmote operation in the park/city/ |
| Wi de area: inmage upstream 20ms; |
| Command i ssuance: 101ms; |
I I
I I
I I
I I

Maxi mum jitter Less than 100 us

Avail ability 99. 999%

Figure 2: Requirenents of C oud-based PLC
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3.1.1.3. AGV Intelligent Control

Aut omat ed CGui ded Vehicle (AGY) is an intelligent device w dely used
in highly automated pl aces such as factory workshops, airports,
ports, freight warehouses, etc. It generally consists of three
parts: wal ki ng, navigation, and control systens. The autonmated AGY
is equipped with a canera to capture the scene in front of the
vehicle and upload it to the MEC and navigation systemin real-tinme
through a 5G nodul e for image anal ysis and route pl anning, achieving
fully automated | ogistics transportation. AGY has a certain driving
speed and is often used in cluster operation scenarios. Therefore, a
network connection with high deternministic delay and jitter is
required to transnit control signals.

The foll owi ng table describes requirenents of AGVY intelligent
control.(These nmetrics are based on 3GPP Standard 3GPP TS 22. 104,
3GPP TR 22. 261, and 3GPP TR 22.829.)

| AGY Intelligent Control |
| Requi r enent | Attribute

Bandwi dt h | Schedul e comuni cati on: >1Mops,
| Real tinme conmunication: 1Mops~200Mops
| Vi sual : 10Mops~1CGhps

| Di spat chi ng comuni cati on: 100ns
| Real tinme conmuni cation: 20nms~40ns
| Vi sual : 10ns~100ms

I
I
|
| One-way maxi num del ay | Schedul e comuni cati on: 100ns
I
|
| Avail ability | 99. 9999%

Figure 3: Requirenments of AGV Intelligent Contro
3.1.1.4. AR Assistance

Wth the intelligent and networked transformati on and upgradi ng of

i ndustrial manufacturing equipnent, nore and nore AR assisted
intelligent robots will be used in advanced nanufacturing. At the
same time, there are scenarios where nmultiple robot systens work
together, such as wel ding, stamping, etc. The robotic armis the
most wi del y used aut omat ed mechani cal device in the field of robotics
technol ogy, in areas such as industrial manufacturing, nedica
treatnent, entertainment services, mlitary, sem conductor

manuf acturi ng, and space exploration. The nore axis joints of the AR
assisted robotic arm the higher the degree of freedom and the
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| arger the angle of the operating range.

The foll owi ng tabl e describes requirenments of AR Assistance. (These
netrics are based on 3GPP Standard 3GPP TS 22.104, 3GPP TR 22. 261,
and 3GPP TR 22. 829.)

3.1. 2.

Zhao,

Bandwi dt h Mai nt enance gui dance:

downst r ean»50Mops
upstream > 20Mips
downst r ean50kbps
Auxi liary assenbly: >50Mips
downstream 1Mops~30Mops

One-way maxi mum del ay Mai nt enance gui dance: 20ns

Auxi liary assenbl y: 10ns
Maxi mum jitter Less than 500 us

I
I
I
I
I
I
I
I
I
I
|
| 99. 999%

Availability

Figure 4: Requirenments of AR Assistance
Requests to the | ETF

Real -time renote nonitoring, which requires high-speed
connectivity

Cl oud- based depl oynment, which requires transm ssion through
mul ti pl e het er ogeneous networ ks

Cl oud- based centralized managenent
Renote control is jitter sensitive, e.g. |less than 100us

I ndustrial canera inmages with high definition, with little or no
conpressi on, which requires high bandwi dth

Low end-to-end delay requirenents differ fromapplications and
servi ces, such as 10ns and 20mns
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3.2. H gh Experience Video
3.2.1. Use Case Description

H gh Experience Video refers to video content that delivers an
exceptional view ng experience through advanced technol ogi es and
production techniques. |t demands high-quality transmission to
ensure that the content is delivered without conpronmising its
integrity and inpact. High Experience Video relies on determnistic
networks to deliver the best possible view ng experience, which
requires a conbination of lowlatency, lowjitter, high bandw dth,
and high reliability. The typical scenarios of H gh Experience Video
i nvol ve applications that have high requirenents for video quality,
transm ssi on speed, and user experience such as cloud VR and AR
cloud ganmes and cloud |ive stream ng.

3.2.1.1. doud VR and AR

Augnented Reality (AR) or Virtual Reality (VR) nedia applications,
collectively called eXtended Reality (XR) applications place
extrenely high demands on network transm ssion including high

t hroughput, low | atency, and high reliability. The key feature of
cloud VR' AR is that content and rendering is on the cloud. By
utilizing the cloud capabilities, VR AR user experience is inproved
and term nal costs are reduced. Coud AR/'VR services are |atency
sensitivity, and different |evels of experience require
differentiated | atency. C oud VR AR rendering and streaning | atency
are divided into three parts: cloud processing, network transm ssion,
and term nal processing. Coud VR AR operation |atency is divided
into cloud rendering | atency and term nal secondary rendering and
refresh rendering processes.

Mor eover, AR/ VR applications typically involve a | arge anount of data
transm ssion, such as high-definition video streans, real-tine
rendering data. For sone cases, a single packet |oss during
transmssion will it affect the integrity of the entire application
So AR/'VR applications require ultra-|ow packet [oss such as no nore
then 0.001% and for particular packets, it denmands zero packet | oss.

The foll owi ng table describes requirenents of Coud VR AR (These
metrics are based on 3GPP TR 22. 261).
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dom e mmemeeeemeaeeaaas S . .
| Requi r enent | Bandwi dth | One-way nmaxi mum del ay| Packet | oss rate
T R o e e - o e
| doud VR AR Vi deo | downstream | 50ns | no nore than

| confortable | >75Mops | | 0. 001%

| experience | | |
T S IR . .
| doud VR AR Video | downstream | 50mns | no nore than

| confortabl e experi ence| >140Mps | | 0. 001%

| full perspective | | |
R S . .
| doud VR AR strong | downstream | 15ns | no nore than

| interaction | >260Mops | | 0. 001%

| confortabl e experience| | |

|1 frame and P frane | | |

o e e e e e oo oo S R S
| doud VR AR strong | downstream | 8ns | no nore than

| interaction | 1Ghps | | 0. 0001%

| 8K i deal experience | | [

|1 frame and P frane | | |
T R o e e - o e

Figure 5: The Requirenents of O oud VR AR

3.2.1.2. Coud Games

Cloud Game is an online gam ng technol ogy based on cl oud conputing
technol ogy. C oud gam ng technol ogy enabl es |ightweight devices with
relatively limted graphics processing and data conputing

capabilities to run high-quality games.

In cloud ganme scenari os,

game related conmputing is not run on the user termnal, but on a
cloud server, which renders the game scene as a video and audio

streamand transmts it to the user term na

t hrough the network.

The user’s cloud gam ng experience relies on a high-quality, |ow

| at ency networ k environnent.

The following table describes requirements of Coud Ganes:

o e e e e e oo oo S R S
| Requi r enent | Bandwi dth | One-way naxi mum del ay| Vi deo resol ution
g Fom e oo oo s o a o
| Junior Ievel | >8Mops | 150ns | 720P

o e e e e e e oo N S oo o -
| 3A professional |evel| >12Mps | 60ns | 1080P

o e e e e e oo oo S R S
| Level of esports | >40Mops | 60ns | 4K
g Fom e oo oo s o a o
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Fi gure 6: Requirements of C oud Ganes
3.2.1.3. doud Live Stream ng

For scenarios such as concerts, press conferences, sports events, and
live events, cloud live stream ng uses 5G uplink high bandwidth to
transmt 8K/ VR videos. Conbined with various applications such as

vi deo anal ysis based on |ive stream ng services, character and scene
recognition, real-tine presentation of athlete and event data, and VR
live stream ng interaction, it provides a brand new and rich event

Vi ewi ng experi ence.

The followi ng table describes requirenents of Coud |live streaning:

o e e e e e e oo oo oo o e e e e m oo oo +
| 8K live stream ng | Attribute |
| 8K video feedback | |
T e meeeeemeaaeeaeas +
| Bandwi dt h | upstreanr100Mips |
| | |
| One-way maxi mum delay | 200ns |
I I I
| Avail ability |  99.9% |
I I I
| Frame rate | 60 |
o e e e e e e e e oo o - o e e e e e oo - +

Figure 7: Requirenents of Coud Live Stream ng
3.2.2. Requests to the I ETF
* Hgh requirenments for video quality and transni ssion speed
* Coud processing with real-tine interaction

* O oud-based depl oynent, which requires transm ssion through
mul ti pl e het erogeneous networ ks

* No jitter requirenents
*  Packet loss is |less than 0.001% or zero

* End-to-end delay requirenents differ fromapplications and
services, such as 8ms, 15ms, 50ms, 150ns, 200nms and so on

3.3. Intelligent Conputing

Zhao, et al. Expi res 27 August 2026 [ Page 10]



Internet-Draft Enhanced Use Cases for Scaling Deternini February 2026

3.3.1. Use Case Description

Intelligent computing refers to the integration of artificia
intelligence (Al) techniques with conputational nmethods to enhance
the performance, efficiency, and capabilities of conmputing systens.
It involves the use of algorithns, nachine | earning nodels, and other
Al approaches to solve conpl ex probl ens, analyze |arge datasets, and
i mprove deci si on- maki ng processes. Intelligent Conmputing has
specific requirenments for determnistic networks to ensure reliable
and predictabl e perfornance such as predictable | atency, |ow packet

| oss rate, high throughput and reliability. The typical scenarios

i nvol ve applications such as Al-based scientific research and

aut ononous vehicles and so on.

3.3.1.1. Scientific Research

Intelligent conputing is used to provide conputing and data anal ysi s
capabilities, which are crucial for handling | arge-scale scientific
simul ati ons and datasets such as astronony, climate science, and
bioinformatics. In scientific research, a |arge anmnount of conputing
power resources such as CPU, GPU, menory, and other P-level or higher
are usually required. The network needs to provide services for data
vol unme of 10G to 100G or above, which requires high bandw dth, high
reliability and high throughput with ultra-1low packet |oss. Many
applications in scientific research, such as renote observations,

real -tine data analysis, and distributed conputing, require networks
to provide stable low | atency and high reliability. 1t mnust provide
mllisecond or even mcrosecond |level latency and jitter guarantees.
For exanple, in nuclear fusion experinments, the carrier network is
required to have 99.999% avail ability.

Furthernore, scientific research may require massive data
transm ssi on between HPCs. The scenario of thousands of kilometers
of big data migration mainly refers to the high-throughput

transm ssion of massive data between scientific research
institutions. At present, research institutions in some countries,
such as the US ESnet6 and the EU EuroHPC program are depl oyi ng wi de
area RDMA networks to support the construction and operation of high-
performance conputing and data interconnection infrastructure. In
this scenario, data transmission is usually carried out regularly or
in demand, with each transm ssion ranging froma few terabytes to
several hundred terabytes, data transm ssion costs and security are
bot h required.
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3.3.1.2. Autononpus Vehicles

Intelligent conmputing is used in the devel opnent of self-driving
cars, which rely on Al algorithns for perception, decision-naking,
and control. Autononpus vehicles refers to the technol ogy of
vehicl es that are capable of navigating w thout the need for hunan

i nput such as identifying other vehicles, pedestrians, and traffic
signals. It relies heavily on determnistic forwarding to ensure
safe, efficient, and reliable operation. It is also challenging for
bi g data managenent of autononous driving. Vehicles record data from
4K HD caneras, |aser scanners, and radars on the road. Each vehicle
can generate 80TB of data per day, which requires data-intensive
transm ssi on.

V2X (Vehicle-to-Everything) is a fundamental conponent of the

aut ononous driving ecosystem providing the necessary conmuni cation
backbone that enables vehicles to interact with their environment in
a safe and efficient manner. V2X provides the comuni cation
infrastructure that enables vehicles to exchange information with
each other (V2V), with roadside infrastructure (V2l), with
pedestrians (V2P), and with the network (V2N). This exchange of
information is crucial for autononous vehicles to make informed

deci sions, inprove navigation accuracy, and enhance overall road
safety. The follow ng table describes requirements of 5G V2X whi ch
is divided into four scenarios. (These nmetrics are based on 3GPP TR
22.886)

R e S +
| Requi r enent | Comunication Delay | Availability

T I . +
| Vehicles Platooning | 10~25ns | 99%-99.99% |
T o e e e e e oo - o e e - +
| Extended Sensors | 3~100mns | 99%-99.999% |
R . +
| Advanced Driving | 3~100ms | 99%-99.999% |
e mmemeeemeaeeaaaas e meeeeemeaaeeaeas . +
| Renote Driving | 5ms | 99.999% |
T o e e e e e oo - o e e - +

Fi gure 8: The Requirements of Autononous Vehicles
3.3.2. Requests to the IETF

* Real -time comruni cati on
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3.

3.

* Data-intensive transmni ssion w th high-throughput and ultra-I| ow
packet | oss

* Low bounded | atency, such as us~ns
* High availability, such as 99.999%
4. |1 SAC Enabl ed Smart Factory

4.1. Use Case Description

A Smart Factory enabled by Integrated Sensing and Comruni cati on

(1 SAC) - enabl ed cel lul ar networks utilizes Radi o Frequency (RF)
signal s (aka Sensing Signals) to construct an environnmental mapping,
detect and track objects, enable precise localization, and facilitate
col l'i sion avoi dance for Autononobus Gui ded Vehicles (AGVs) and robotic
systens. | SAC systens enconpass one or nore Sensing Transmitters
(Tx) that transnmit sensing signals and one or nobre Sensing Receivers
(Rx) that generate Sensing Data. Sensing Data are used in the
cellular network to describe the detected target objects in shape,

| ocation, orientation, material, and spatial relationshi ps anmong each
other. Sensing Data are then exposed to the Sensing Service Consuner
that requested them and are used for real-tinme nonitoring and

deci si on-naki ng by a Sensing Service Consuner. This reduces reliance
on dedi cated sensors while optinzing comruni cati on resources.

Sinm | ar use cases have been considered in ETSI 1SG |ISAC. The

descri bed workfl ow shown in Figure and illustrates a Det Net-enabl ed
cellular network as described in 3GPP TS 23.501, that contains core
network (CN) and Sensing Rxs, e.g., user equipnent (UE) or base
station (BS), and a Sensing Service Consumer operating.

Sensing Service +---------- | Cellular Core Network R

Zh

Det Net - Enabl ed Det Net - Enabl ed
Dat a Net wor k Cel lul ar System

Figure 9: Sensing Rx in the smart factory generating Sensing Data
fromthe Sensing Signals and sending it to a a cellular core
networ k and Sensing Service Consuner for real-tine decision

maki ng
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DetNet is critical for ensuring | owl atency, bounded jitter, and
high-reliability exchange of Sensing Data between Sensing Rxs and the
network. The Sensing Data extracted from Sensing Signals at the
Sensing Rx nust be delivered determnistically to enable accurate and
timely control of factory operations, such as predictive naintenance,
AGVs coordi nation, safety enforcenent, and autononous route planning
for AGVs.

3.4.1.1. Predi cti ve Mai ntenance

Predictive maintenance in a Smart Factory | everages | SAC to detect
early signs of equi pment wear, misalignnment, or failures by anal yzing
envi ronment al changes. The system can nonitor machi ne vibrations,
structural integrity, and operational anomalies.

To enable real-tine fault detection and proactive mai ntenance, the
networ k nmust support | owlatency, high-reliability, and determnistic
data delivery to ensure tinely anal ysis and deci si on-naki ng. Del ays
or packet 1oss in Sensing Data transmi ssion can result in mssed
failure indicators, |eading to unplanned downtine and costly repairs.

Fom e o o o oo +
| Requirement | Attributes |
oo Fo m o o e e ee oo +
| Bandwi dt h | 10Mops~1CGhps (dependi ng on sensing resol ution) |
o e e - o m mm e e e e e e e e e e e e e e e e e e e e e e mm e mmaa o s +
| One-way delay |less than 5ns (for real-tinme anonmaly detection) |
oo ot o o e +
| Maximum jitter|less than 50us(to ensure stable data transm ssion)|
Fommm oo Fo m o e e e +

| Avai l ability |99.999%to prevent data | oss and ensure |
| | conti nuous nonitoring) |

Fi gure 10: The Requirenents of Predictive M ntenance
3.4.1.2. Real-Tine Process Optimzation

In a Smart Factory, real-tinme process optinization relies on sensing
to dynanmically adjust production paraneters, robotic operations, and
wor kf | ow schedul i ng based on real -tinme environmental and operationa
data. Processed Sensing Data neasured from Sensing Signals are used
to provide instantaneous feedback on equi pnent status, material flow,
and environnental conditions, enabling adaptive decision-nmaking to
maxi m ze efficiency and reduce downti rne.
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To ensure precise control and automation, the network mnust provide
ultra-low | atency, deterministic jitter, and high availability to
support time-sensitive end-to-end data exchange between sensing
receivers and the cellular network and between the cellul ar network
and the control systens. Any delay or jitter in data transnission
can lead to inefficiencies, product defects, or production |line

di srupti ons.

R oo e o e e e e e e e e e e e e e e e e e e e e e e mm e oo oo +
| Requirenent | Attributes |
oo s o m e e e e e e e e e e e e e e e e e e e eeee e +
| Bandwi dt h | 100 Mops~10 Ghps (dependi ng on sensing resol ution)|
S o 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 e e e e e e e e e e e o +
| One-way delay |less than 1nms (for cl osed-|oop process control) |
R oo e o e e e e e e e e e e e e e e e e e e e e e e mm e oo oo +
| Maximum jitter|less than 10us(for precise synchronization) |
oo s o m e e e e e e e e e e e e e e e e e e e eeee e +
| Availability |99.999% |
e +

Figure 11: The Requirenents of Real -Tinme Process Optimnzation
3.4.1.3. Safety Control and M ntenance

Safety control in a Smart Factory relies on | SAC enabl ed RF-based
sensing to detect potential hazards, such as worker proximty to
danger ous nachi nery, unexpected obstacles in AGY paths, or emnergency
situations like fires or equipnent failures. Unlike traditiona
sensor - based systens, | SAC uses Sensing Signhals (RF or non-RF) to
track noving objects, nonitor workspaces, and trigger real-tine

saf ety mechani sms wi thout requiring additional sensing
infrastructure

To ensure instantaneous hazard detection and response, the network
must support ultra-low latency, high availability, and determ nistic
jitter in and end-to-end fashion to guarantee tinely activation of
energency protocols, such as stopping machi nes, rerouting AGYs, or

al erting human operators. Any delay or packet |oss when exchangi ng
Sensi ng Data between Sensing Rxs and the cellular network or
exchangi ng Sensing Results between the cellular network and the
application could result in serious safety risks, including workplace
acci dents and equi pnent danage.
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e Fo m o oo +
| Requirenent | Attributes |
o e e - o m mm e e e e e e e e e e e e e e e e e e e e e e mm e mmaa o s +
| Bandwi dt h | 100 Mops~10 Gops (for real-tinme updates) |
oo ot o o i +
| One-way delay |less than 1ns (for imredi ate hazard response) |
oo Fo m o e o e oo +
| Maximum jitter|less than 10us(for precise situation) |
o e e - o m mm e e e e e e e e e e e e e e e e e e e e e e mm e mmaa o s +
| Availability |99.999999% |
o o m o o oo +

Figure 12: The Requirenents of Real -Time Process Optimzation
3.4.1.4. Interconnection of Tine Sensitive Donains

Some industrial production environments are basing their interna
conmuni cations on layer-2 Tinme Sensitive Networking. The

determni stic behavior is then constrained into the boundaries of the
factory domai ns.

However, is can be of interest to interconnect such domains for
centralizing applications or functions relevant to the production
context. In order to do so, it is necessary to guarantee
determnistic behavior as well in the network used for

i nterconnecti ng such domai ns.

[5G ACI A] describes sonme initial scenarios of DetNet and TSN

i nterworking. The purpose of this use case is to allow the practica
i nterconnection of such domains. The expectation is that the

i nterconnecti on of those domains handle the flows exiting the TSN
domai ns provi ding bounded | atency and extrenely | ow | osses when
passing through the Det Net donmamin in a transparent nmanner

3.4.2. Requests to the |ETF

To support Smart Factory | SAC use cases, the followi ng enhancements
to Det Net are required:

* Utra-low latency networking (as | ow as 1ns) for cl osed-I|oop
control and real-time process optim zation

* Stringent jitter requirenents (as |ow as 10us) to support precise
sensi ng- based contr ol

* High bandwi dth support (up to 10Gbhps) for high-resolution sensing
data transm ssion.
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4.

4.

* High availability (up to 99.999999% to ensure robust industria
operati ons.

* Provide bounded | atency for TSN fl ows
* Provide | ow packet |osses, as low as the frame |osses in TSN
* Requires DetNet and TSN i nterworking

Det Net shoul d provide predictable and determ nistic comuni cation for
| SAC-enabl ed Snmart Factories, ensuring tinely and preci se Sensing
Data delivery for industrial automation and control operations.

Use Case Conmon Thenes
1. Requirenments for DetNet Milti-domains

Many applications require deternministic connectivity that spans
mul ti pl e networks such as industrial automation, professional audio/
video and electrical utilities described in [RFC8578]. And the
applications nmentioned in this docunent al so have the multi-domains
requirenents for DetNet such as renpte control, cloud VR and AR and
| SAC-enabl ed smart factory. These networks nay be operated by
different adninistrative domains, utilize varying underlying |ink-

| ayer technol ogy dormains (e.g.|P/MPLS, TSN, and RAW, or be depl oyed
as different control areas to ensure scalability through multiple
centralized controllers.

The networks and nodes in |ocal area networks may be interconnected
wi th heterogeneous w de area networks such as DetNet and TSN

i nterworking. For exanple, in | SAC enabled smart factory, factory
domai ns may be interconnected for centralizing applications or
functions relevant to the production context. The cross-domain
scenarios are also particularly inportant in industrial internet,
where control systens need to span nultiple facilities or production
lines. The different administrative domains need to be

i nterconnected to achieve unified control over distributed systens,
enabling efficient resource managenent and real -ti me deci si on- maki ng.
And cl oud- based depl oynent al so requires transm ssion through
mul ti pl e het er ogeneous networ ks when when organi zati ons need to
integrate distributed resources and applications across different
networ k environnents, enabling unified managenent and seanl ess
operation of hybrid cloud architectures.
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The primary challenge lies in maintaining deterninistic behavior
across domai n boundaries, where traffic fromone domain nust

seam essly flow through another domain while preserving bounded

| atency and | ow packet |oss rates. The

[1-D. bernardos-detnet-nulti-donai n-pce] discusses the franmework and
the specific requirenments on nulti-donmain Det Net sol utions.

4.2. Requirenments for DetNet Service C assification

The above applications differ in the network ranges and SLAs

requi renents such as bounded |l atency, jitter, bandwi dth, availability
and packet loss. The classification should consider the
characteristics such as traffic specification and service
requirenents. The follow ng table sumuarizes determ nistic
requirenments of industrial internet, cloud video and intelligent
conputing applications, etc.
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Fom e e Fom e e e e e oo o o m m e e e e e e e e e e e e e e e e e e e e eeee oo
------- +
| | Use Cases | Typical Differentiated Determ nistic Requirenents

I
| | | Applications AR AR AT A L
------- +

| | | Bandwi dt h | Del ay | Jitter | Packet Loss| Avail

ability]
Fomm e e o e e e TS TS S R R R
------- +
| 1 |Industrial | Machine Vision | Low | Low | NA | N A | Med
i um |
| | I nt er net oo R R R R e
------- +
| | | Remot e Contr ol | Low | Low |Utra-1ow N A | H g
h I
| | S S S S S S S S RS
------- +
| | | AGY Contr ol | Low~Hi gh | Low~Mediun N A N A | Utra
-high |
| | o e e e o - - S S TS S [ S,
------- +
| | | AR Assi st ance | Low | Low |Utra-1ow N A | H g
h I
Fom e e Fom e e e e e oo o S S S R S
------- +
| 2 |Hgh | doud VR and AR | Medi um | Low | NA | Utra-Iow | N/
A I
| | Experience | | ~High | | | or zero |

I
| | Vi deo - - - - e +o-o - -
------- +
| | | G oud Ganes | Low | High | NA | N A | N A

I
| | S S S S S S S S RS
------- +
| | | doud Live Streamng| Medium | High | NA | N A | Med
ium |
Fomm e e o e e e TS TS S R R R
------- +
| 3 |Intelligent |Scientific Research |Utra-high| Low | NA | Utra-low | Utr
a- high |
| | Conputi ng | | | | | or zero |

I
| | R Fomm - - - Fomm - - - R Fomm - - - Fo-m - - -
------- +
| | | Aut onomous Vehicles |Utra-high| Low | NA | Utra-low | Utr
a- high |
(. | I I I I | or zero |
Fomm e e o e e e TS TS S R R R
------- +
| 4 |1SAC Enabl ed| Predictive | Medium | Utra-lowUtra-low Utra-low | Hi
gh I
| | Smart | Mai nt enance | ~High | | | |

I
| | Factory T R R R R oo
------- +
| | | Real - Ti ne Process | Medium | Utra-lowUtra-low Utra-low | Hi
gh I

| | | Optimzation | ~High | | | |



| | | Saf ety Control | Medium | Utra-lowUtra-low Utra-1ow | Hi

| | | and Mai nt enance | ~High | | | |

Figure 13: Characteristics of Typical Applications

Zhao, et al. Expi res 27 August 2026 [ Page 19]



Internet-Draft Enhanced Use Cases for Scaling Deternini February 2026

Since the DetNet applications differ in their requirenments, it
demands specific desired deterninistic behaviors. The DetNet flows
MAY be classified based on the service SLAs requirenents of
applications in scaling networks as per

[1-D. xi ong-detnet-differentiated-detnet-qos]. The flow aggregation
based on the classification of determnistic services should be taken
into considerations as discussed in

[1-D. xi ong-detnet-fl ow aggregation]. It is required to provide

| at ency, bounded jitter and packet |oss dynamcally and flexibly in
all scenarios for each characterized fl ow.

4.3. Requirenments for Utra-low or Zero Packet Loss

Sone hi gh-throughput, |ow | atency applications such as intelligent
computi ng demand ultra-1 ow packet |oss which is critical to ensure
real -tine data processing, maintain data integrity, optimze resource
utilization, and support scal able and reliable operations. And sone
applications such as ARFVR do not fit as payload into a single IP
packet and rmay be fragnmented into multiple smaller chunks as
discussed in [I-D.rc-detnet-data-unit-groups]. |t denands zero
packet | oss for some chunks while a single packet |oss can lead to
the |1 oss of the whole application. The DetNet node shoul d provide
the determ nistic behavior to perform any Det Net queui ng, shaping,
schedul i ng, ordering or dropping to guarantee the packet |o0ss on
particul ar packets.

5. Security Considerations
Security considerations for DetNet are covered in the Det Net
Architecture [ RFC8655] and Det Net use cases [ RFC8578] and Det Net
security considerations [ RFC9055].

6. | ANA Consi derations
Thi s docunent nakes no requests for | ANA action.
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Appendi x A.  Simulation Results in Scientific Research

The t hroughput of RDMA over network in scientific research
application is verified with different performances such as distance,
message size, latency and packet |oss. The sinulation result shows
that, the throughput of RDVA over 1000 kil ometers is directly
proportional to the |l ength of nessage size, and inversely
proportional to the network packet |loss rate and | atency. To ensure
80% t hr oughput of |inks over 100CGbps and 1000 kil oneters, the message
| ength needs to be greater than 512KB, resulting in extrenely strict
packet loss rate indicators due to increased |atency.

A.1. Sinmulation for the Long D stance and Latency

The inpact of |ong distance and | atency on throughput performance is
shown in Figure 14. The selection of delay paraneters in this
experinent is mainly ainmed at wide area scenarios of 100-2000 km
with round trip time (RTT) of 1-20 ns.

As | atency increases (1-20 ns), the RDVA nessage size needs to be
continuously increased to achi eve high-performance transnission with
100% t hroughput. Due to the maxi num nessage length of 2 GB, a
bandwi dth of 100 Ghit/s can be achi eved without |oss, satisfying the
t hroughput theoretical calculation equation (1).

Thr oughput = Wndow _Si ze/ RTT (1)

The overall analysis shows that by adjusting RDVA paranmeters (such as
message | ength), high-perfornmance transni ssion of 1000km (with over
90% t hroughput) can be achi eved. The message length setting is
actually related to the specific network application, device buffer,
and buffer threshold settings, and the increase of nessage length is
unlimted.
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. R S RIS R
| RTT | atency |nessage |ength(byte)| distance | Thr oughput ( Gbps)

S o e e e T o e e e
| ess than 1ns|l ess than 1024 | I ess than 100km nmore than90%@l00Gops|
. S I T
| 1ns | 256K | 100km | more t han90%@l00Ghps|
I I I IRy Foe e meeeeeeaaeeaas
| 21rs | 512K | 200km | more t han90%al 00CGhps|
S o e e e T o e e e
| 5ms | 1M | 500km | more t han90%@l00Gops|
. S I T
| 10ns | 8M | 1000km | more t han90%@l00Ghps|
I I I IRy Foe e meeeeeeaaeeaas

Figure 14: The Inpact of Long-distance Del ay on Thr oughput
A.2. Sinmulation for the Latency and Packet Loss

The traditi onal RDVA adopts the Go-Back-N retransm ssion mechani sm
which retransmts all data packets after the dropped data packet N.
Loss of packets can cause significant perfornmance degradation in
RDVA.  However, TCP only needs to retransmt |ost individual packets,
and the | atest RDVA network cards have started using sel ective
repeat. Therefore, the calculation formulas for TCP packet |oss rate
(p), latency, and bandwi dth can be referred to:

Thr oughput = M n{MSS/ RTT*C*(1/P)} (2)

The actual testing performance of RDVA differs fromthat of TCP, and
the main inpact of wide area networks is latency, with retransnission
and congestion control algorithmnodels being simlar. Therefore,
the theoretical rate of RDMA is enpirically judged by adjusting the
val ue of paraneter Cin equation (2) (TCP enpirical value Cis 1.0).

When bot h bi gger delay and packet | oss coexi st and over 80%

t hroughput of a 100G Iink, the packet loss rate in the data center
must be less than 0.005% In the scenario of w de area
interconnection in DCs, due to the increase in retransm ssion cost

and response tinme caused by basical |ine delay, the packet |oss
threshold is nore strict and harsh in the data center, requiring the
network to achi eve | ossless as much as possible. |In a wide area

scenario, even with the optinization algorithmof selective
retransmssion, it is difficult to achieve a bandwidth utilization
rate of over 70% when the packet loss rate is |l ess than 0.001%
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