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Abst ract

I ntegrated Sensing and Comuni cations (1 SAC) represents a paradi gm
shift in wireless networks, where sensing and comruni cation functions
are jointly designed and optim zed. By |everaging the sane spectra
and hardware resources, |SAC enabl es advanced capabilities such as
envi ronment perception, object tracking, and situational awareness,
whil e maintaining efficient and reliable data transm ssion. This
integration holds great potential for applications in areas such as
aut ononous systens, smart cities, and industrial automation, where
preci se sensing and | ow | atency conmunication are critical. This
docunent presents the | SAC as a typical CATS scenario to facilitate
di scussions on the potential challenges and requirenents.

Status of This Meno

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

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

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 4 January 2026

Copyri ght Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.
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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. I nt roducti on

I ntegrated Sensing and Comuni cations (1SAC) is energing as a key
enabl er for next-generation wreless networks, integrating sensing
and communi cation functionalities within a unified system By

| everagi ng the sane spectral, hardware, and conputational resources,
I SAC enhances network efficiency while enabling new capabilities such
as high-resolution environnment perception, object detection, and
situational awareness. This paradigmshift is particularly rel evant
for applications requiring both reliable connectivity and precise
sensi ng, such as autononous vehicles, industrial automation, and
smart city deploynents. Gven its strategic inportance, |SAC has
gai ned significant traction in standardi zation efforts.
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Wil e the ETSI Industry Specification Goup (1SG on | SAC has been
established to explore technical requirenents and use cases, the 3GPP
organi zati on has approved the 5G study work in its release 20 (rel-
20) and initiated the investigation on | SACrel ated features

[ TR 23.700-14]. Moreover, 3GPP has agreed to continue the sensing
rel ated research on future 6G systens. Furthernore, research
initiatives within the I EEE and | ETF are investigating how | SAC can
be integrated into network architectures, spectrum nanagenent, and
protocol design, making it a critical area of devel opment in the

evol ution of wirel ess networks.

Thi s docunent presents the | SAC as a typical CATS scenario, being
suppl enentary to the CATS use cases as in
[I-D.ietf-cats-usecases-requirenents], to facilitate di scussions on
the potential challenges, and requirenents. Further, the docunent
references the new draft on CATS reference nodel

[ 1 ETF- CATS- Ref Model -ACN] to briefly discuss how the | SAC case may

| everage the nodel

2. Computing Aware distributed sensing for Integrated Sensing and
Communi cati ons

I ntegrated Sensing and Comuni cations (I SAC) enabl es wirel ess
networ ks to perform sinmultaneous data transm ssion and environnent al
sensing. In a distributed sensing scenario, nultiple hardware
network entities, such as base stations, access points, or edge
devices (e.g., wireless termnal equipnent), and intelligent agents
depl oyed as software instances on the entities (e.g., Al-agents) --
collect raw sensing data fromthe environment. These data can

i nclude radio frequency (RF) reflections, Doppler shifts, channe
state information (CSlI), or other physical-layer features that
provide insights into object novenent, material conposition, or
environmental conditions. To extract neani ngful information, the
coll ected raw data nust be aggregated and processed by a designated
conputing node with sufficient conputational resources. This
requires efficient coordination between sensing nodes and conputi ng
resources to ensure tinely and accurate analysis, making it a

rel evant scenario for Conputing-Aware Traffic Steering (CATS) in

| ETF.

2.1. CATS of ETSI |SAC

This use case aligns with ongoing efforts in standardization bodies
such as the ETSI |1SAC Industry Specification Goup (ISGQ,
particularly Wrk Item#5 (W#5), titled 'Integration of Conputing
with SAC. W#5 focuses on exploring different forms of conputing
integration within | SAC systens, including sensing conbined with
conmputing, comunications conbined with conputing, and the holistic
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integration of |ISAC with conmputing. The considerations outlined in
this document conpl ement ETSI’s work by exam ni ng how conputi ng- aware
net wor ki ng sol utions, as devel oped within CATS, can optim ze the
processing and routing of |SAC sensing data.

As an exanple, we can consider a network domain with nultiple sites
capabl e of hosting the | SAC conputing "service", each with
potentially different connectivity and conputing characteristics.
Figure 1 shows an exenpl ary scenario. Considering the connectivity
and conputing |atencies (just as an exanple of netrics), the best
service site is #n-1 in the exanple used in the Figure. Note that in
the figure we still use the old terminology in which by ICR we nean

I ngress CATS-Forwarder [I-D.ietf-cats-framework], and by ECR we mean
Egr ess CATS- For war der .
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Figure 1. Exenplary scenario
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2.2. CATS of 3GPP | SAC

3GPP has specified in the stage-1 docunent [TR 22.870] the
requirenents & objectives of | SAC service. Fundanentally, the | SAC
service includes offering wi de area multi-dinmensional sensing that
provi des spatial information about non-connected objects as well as
connect ed devices and their novenents and surroundings.

Successively, the 3GPP SA2 WG has approved a study item (SID) inits
rel-20 and initiated the investigation on | SACrel ated features

[ TR 23.700-14]. Moreover, 3GPP has agreed to continue the sensing
rel ated research on the on-going 6G studi es.

The Figure 2 describes a possible sensing architecture that conforns
to the architectural assunptions as in [TR 23.700-14]. The figure
shows that there could be multiple authorized sensing entities, e.g.,
(R)ANs, TEs (with sensors). Also, a new sensing function, i.e.,

SeNF, is pronoted. Note the name of the sensing function is still up
for discussion.

SeNF: Sensing Network Function
Sensing Entities: TE (Term nal Equip), (g)RAN

+--mna + S R +
| NEF |------ | AF/AS |
+----- + +----- + - +
| AMVF | I
+- - - - - + |
| +o-m - - + +----- +
...... |.......] SeNF |------] PCF
| S R + S R +
| /
E S + | /
| TE#L |......: | /
+o-m - - + | /
S RS +... .. S RS + +--mna + S +
| TE#2 |--:i------ | (9) RAN| - ------- | UPF [---vomnnn- --| Data |
+o-o - - + +o-o - - + +----- + | Network|
Feommmma - +

Figure 2: 3GPP | SAC exenpl ary scenario

There m ght be multiple SeNFs in a wirel ess network, with each SeNF
capabl e of handling both the CP and UP of the sensing service. A
SeNF can process received sensing data, aggregate sensing reports,
run detection algorithns, and filter noise - to produce the sensing
result that meets the service request. A SeNF may al so expose the
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sensing results to external App servers (nanely AS es). G ven the
compl ex yet conputationally-heavy tasks as conducted by the SeNF, the
sel ection of an optimal SeNF (anong all SeNF candi dates) enbodies the
princi pl es of CATS

Sensing entities on (authorized) UEs nmay instantiate as software Al-
agents with sensing functionality. |If there is a |arge amunt of
col l ected sensing neasurenent data, then there mght be a need to
expose (i.e., transmt) the data to (external) service instances
(e.g., in local premse) for optim zed processing (if the |oca
conpute power at an agent is insufficient or is overloaded). After
that can the processed sensing results be sent to the origina
sensi ng requestor for further processing. This kind of task
redirection for better processing efficiency conforns to what the
CATS strives for

2.3. Relation to CATS

In the distributed sensing scenario, the sensed data collected by
mul ti pl e nodes nust be efficiently routed to a conputing node capabl e
of processing it. The choice of the conputing node depends on
several factors, including conmputational |oad, network congestion,
and | atency constraints. CATS nechani sns can optim ze the selection
of the processing node by dynanically steering the traffic based on
computing resource availability and network conditions.

Additionally, as sensing data is often time-sensitive, CATS can
ensure | ow | atency paths whil e bal anci ng conput ati onal demands acr oss
different processing entities. This capability is essential for

real -tine applications such as cooperative perception for autononous
systens, industrial nmonitoring, and smart city infrastructure.

Further, the draft [I|ETF- CATS- Ref Mbdel - ACN] has proposed a CATS

ref erence nodel that operates on general reference points for the

si gnal i ng exchanges of various types of netrics, i.e., network,
conmpute and the new Al-agent netrics as defined in the draft. The

| SAC scenario for CATS nmay | everage the nodel for better operations.
For exanple, the | ETF Draft of CATS reference nodel for ACN defines
the reference points or RPs, e.g., the RPs between CPS --- C NMVA
CPS --- GSWMA, and AIA (Al-agent) --- CPS, etc. The |ISAC scenario
may | everage the Al-agent | ogics and extend the RPs to sensing: AlA
(sensing) --- GPS. In sonme scenario in the context of 3GPP, here
the C-PS can even be a 3rd-party entity |ike AF/ AS.

2.4. Requirements

Several challenges need to be addressed for efficient distributed
sensing in | SAC enabl ed networks:
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* Traffic Steering and Resource Allocation: Ensuring that sensing
data is directed to the nost suitable conputing node while
consi dering both network conditions and processing availability.

* Latency Sensitivity: Many | SAC applications require near-real-tine
processing, necessitating lowlatency and high-reliability data
forwardi ng strategies.

* Data Synchronization: Sensing nodes may have different
perspectives on the environment, requiring synchronization and
fusion of data streans before processing.

* Scalability: As the number of participating sensing nodes
i ncreases, mechani snms nmust efficiently distribute and bal ance the
comput at i onal wor kl oad.

* Security and Privacy: Sensed data may contain sensitive
i nformation, requiring nechanisns for secure transm ssion and
processi ng.

* Holistic Reference Model: Potentially a general CATS reference
nodel with reference points for the signaling exchanges of various
types of nmetrics anong CATS entities and sensing entities.

Addi ti onal remarks

The integration of |ISAC based distributed sensing into CATS
framewor ks nmay require enhancenents in computing-aware routing
protocols, traffic steering al gorithns, signaling nmechani sns, and
potentially the integration of the CATS reference nodel.

St andar di zati on efforts could focus on defining metrics for

computi ng-aware path selection that is based not only on the existing
CATS metrics but also with any future extensions (e.g., 'Al-agent
metrics’ in [| ETF CATS- Ref Model - ACN] ), devel opi ng nechani sns for

real -tine coordination between sensing and conputing nodes, and
ensuring interoperability with existing network architectures.
Furthernmore, coordination with ETSI & 3GPP rmay help align the

devel opment of conputing-aware | SAC networking solutions with ongoing
standardi zation efforts in conmputing integration, ensuring cross-

i ndustry conpatibility and depl oynent feasibility.

| ANA Consi der ati ons

N A.
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4.

Security Considerations
TBD.
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