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Abst r act

This draft describes the Al-agents along with the network to provide
the communi cati on services anpong various types of Al-agents, i.e.,

Al - agent Conmuni cati on Network or ACN. Thanks to the CATS-1ike
information flow steering in ACN, we propose a CATS reference node
that covers the definition of reference points, protocol stacks,

servi ce provisioning nodel, sigaling procedures, nessage paths, and

i npl ement ati on schenes. This reference nodel is generalized so as to
accommpdat e both the existing CATS franmework and the potenti al
extension for the ACN
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1. Introduction

Al agents are software-driven entities with enbedded artificial
intelligence, including rmachine |earning and natural |anguage
processing, to interact nmulti-nodally with applications, end devices
and network conponents. Al agents nay exist either in the physica
state as enbedded HWdevices (e.g., robots) or in the virtual state
(e.g.,software-inplmented applications). Wth the integration of
LLMs, Al agents can understand conplex requests, translate theminto
actionabl e insights, and orchestrate various services (e.qg.

communi cati on service, data anal yzing service, Al-related services)
Al agents play a cruical role in the Tel ecom domai n by enhanci ng the
network efficiency via dynamically optim zing resources, predicting
net work conditions, making autononmous & intelligent decisions, and
facilitating seam ess conmuni cati on anong serviced & servicing
entities [Al-Agent-6G ARC][ TR 22. 870].

1.1. Al-agent Comunication Network (ACN)

Wth the immnent full unfolding of 6G era, the future world is
expected to be full of Al agents, bearing versatile norphi smand
different capabilities. 1In light of the seeming differentiation

bet ween the Al-agent centric and the human-object oriented

conmuni cati on nodes, e.g., flowinteractions, requirenents of
capability exposure, and trust control & managenent nodels, etc., it
is highly inperative to define a new network framework that is
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tailored to advance the communi cati on anong Al -agents, while
simul taneously satiating the requirements of existing network
entities.

This new network framework is defined as the Al-agent Conmunication
Network or ACN. ACN targets at architecting a globally

i nterconnected network to satisfy the on-demand comuni cati on,
interactions & collaborations with secure and controllable
information flow paths for Al-agents in distributed depl oynent node,
regardl ess of their instantiation formats (i.e., being in physical or
virtual state), capability disparities (being in high-, md- or |ow
rank), and/or the hosting devices [ CMCC- ACN- WP] .

Conmmonly integrated with LLMs, Al-agents denmand hi gh conputing power
and significant energy consunption, which deens the versatility of
the specific realization fornms of Al agents. For exanple, an Al-
agent can be instantiated as a standal one physical body, or as an
intelligent service (in software state) deployed inside the hosting
network, or as a cloud-native instance residing in the edge or renote
cloud data centers (DCs), or even as hybrid conposite entity
integrating all the advantages of physical body, hosting network and
cloudified depl oynent.

1.2. ACN Realization Mdels

The versatile forns of the Al-agent realization may result in three
typical architecture and comruni cati on nodels for ACN, nanely:

1. Static intra-domain only Al-agent Conmunication: A network
architectural nodel for the conmunication anmong Al -agents
residing within a single admnistrative domain or network. Al-
agents in the domain forma network group maintaining the static
communi cati on associ ation. Al-agents inside the domain do not
conmmuni cate with Al-agents outside the domain.

2. Static inter-domain Al-agent Comuni cation: A network
architectural nodel for the conmunication anpbng Al -agents that
reside across multiple adm nistrative domains. Al-agents across
these domains formone or nore network groups maintaining the
static comunication associations. Note that in this nodel, Al-
agents in a domain can conmuni cate with Al-agents both inside and
out si de the donain.

3. Dynamic nulti-domain Al-agent Communication: A network
architectural nodel for the conmunication anong Al -agents that
may dynamically forma network group to handle a tenporarily-
generated task. These Al-agents could be in the same or
different administrative donmains. Once the tenporary task is
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finished, the dynam cally-forned network gorup woul d be rel eased
and the comuni cation session(s) anong the involved Al-agents are
termnated. This is a dynam c comunicati on node versus the
previous two static nodes.

Applications of CATS to ACN

As stated in the Section 1.1, an Al-agents may nanifest in different
instantiation forns, e.g., enbedded in a physical body, as an
(software) APP service, as a cloud-native instance, or even as a
hybrid conposite entity. These variations inply Al-agents own
different capabilities, functional objectives, resource
optinizations, etc. Sonmetimes, the limtations of Al-agents, either
those provisioning a service or those realizing a service, may | ead
Al -agents in an ACN to pursue the service optimzation with the
principles that are commensurate with CATS s objectives

[ CATS- PS- UseCase- Req] .

1. Al-agents Services with CATS-1ike Optim zation

Al -agents in an ACN demand normal |y intensive compute power and
accordi ngly heavy energy consunptions. However, the capabilities
(either statically provisioned resources or dynam ¢ runtinme | oads)
anong Al -agents, the Al related demands, and the data processing
tasks varies dramatically. For exanple, the conpute power of

Iightweight terminals, such as smartphones, XR gl asses, etc., is
difficult to handle locally the conpl ex conmputation tasks with nore
than billions of paraneters. |In contrast, if all the conplex tasks

are del egated to nore advanced cl oudified instances (in either SWor
HWformat residing in a renpte data center), then it might inpair the
real -tine responsiveness if the renote instances experience the
bursty load of nulti-users.

Therefore, it is nore desirable to consider the seamnl ess

col | aborati ons anong end devi ces, networks and (edge or renote)
clouds to build a conmposite Al-agent comunication network, in which
Al logics are distributed either at the network edge or within the
network, either inside or across domains. |In that, the conmpute power
at end devices may realize hierarchical Al reasoning with the hel p of
nmore powerful network entities, which expands the end-side Al
services on denmand. Further, the network can al so provide nore
advanced Al services, e.g., Arbient 10T [TS. 23.369], integrated
sensing [ TR 23. 700-14], etc., to supplenment the requirenments of (end)
Al -agents and | ower the conpute demands in them The ultinmate goa
woul d be the better bal ance between achieving the intelligence at Al-
agents and the | ower energy consunption (of course, potentially nore
advantages). This certainly conforns to what CATS is pronpting.
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The Section 1.2 exenmplifies three different ACN realization nodels,
i.e., the static intra-domain, the static inter-domain, and the
dynamic nmulti-domain. Al-agents offering varied types of services
could reside in any domain in a (nulti-domain) ACN. Supposing a
conplex task is conprised of nmultiple sub-tasks that need to be
handl ed in a sequence, and every sub-task nay be potentially serviced
by nore than one Al-agent. |If these Al-agents are distributed across
di fferent domains of an ACN, the service-chaining forned fromthe
(across-domai n) Al-agents makes the task processing nore chall engi ng.
In this scenario, the application of CATS principles to the selection
of the optimal Al-agent (anong all candi dates) for each sub-task may
help fulfill the conplex task nore efficiently.

2.2. CATS-like Metrics Mdel for ACN

The CATS | ETF draft on nmetrics definition [ CATS-Metrics-Definition]
specifies two types of netrics, nanely the traditional network
metrics that focus on the network resources and dynami c runtinme

i nformati on, and the conpute netrics that describes the functiona
capabilities, resource consunption, system performance, etc., for
service instances which would normally reside in edge or renote DCs.

* Network metrics: For network entities like routers or swtches,
they can be bandwi dth, capacity, throughput, transnission del ay,
TX bytes, RX bytes, host bus utilization, etc.

* Conmpute netrics: For conpute nodes, end servers, and/or service
i nstances, they can be CPU, GPU, NPU, nenory, storage, system
del ay.

When the simlar metrics nodel is extended to the Al-agent

Conmruni cati on Network or ACN, there would be a new type of netrics,
defined as the "Al-agent nmetrics’ in this draft, to specify the

uni que characteristics of Al-agents. These netrics could consist of:

* Al-agent netrics: Al-agent functionalities & capabilities, Al
nmodel types, #paraneters of nodels, authentication/authorization
policy, etc.

We think the protocol stack of the Al-agent in an ACN shoul d reside
above the network & transport |ayers, which nmight be considered as in
the application |ayer. Correspondingly, the netrics specifically
associ ated with Al-agents woul d be exchanged anobng Al -agents

t hensel ves, which makes the peering relationship for the Al-agent
message exchanging different fromthat for the network and the
conpute netrics
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As shown in the Figure 1, the Al-agents reside on the App-Ilayer,
sitting above the network and conpute entities. The existing CATS
metrics (network & compute) are targeted toward the traffic steering
at the network | ayer, which mght be achieved via the network
protocol extension. |In conparison, the Al-agent netrics are
generated for the overl ay-exchange anong App clients (those served as
Al -agents), which are not generally subject to the signaling path
over network protocols.

===> Ext ended CATS for ACN

R + Al -agent Metrics +----------------- +
| Al Agents I >| Al Agents

o e e e e oo - + o e e e e oo - +

===> exi sting CATS here

e + Compute Metrics +----------------- +
| Compute-Entities|<------------------- >| Conpute-Entities|
. + . +
R + Net work Metrics R +
| Network Entities|<------------------- > Network Entities|
o e e e e oo + o e e e e oo +

Figure 1: Al-agent Protocol Stack

In the followi ng section, we will define a CATS-based holistic node
operating on general reference points that could be | everaged for the
signaling exchanges of all the three types of netrics, i.e., network,
conmpute and Al -agent netrics.

3. CATS Reference Mddel for ACN

The Section 2.1 provides use cases to explain why the CATS schene nmay
be applicable to optinmize the Al-agent services in an ACN. The
Section 2.2 describes two existing CATS netrics, i.e., network and
conpute netrics, as well as defines a new netric type, i.e., the Al-
agent netrics. The sane section al so explains the protocol stack and
the interactions anong Al -agents thensel ves and between t he CATS
conpute- & network- entities. The uniqueness of Al-agents along with
their instantiation states and the correspondi ng depl oynent nodel s of
ACNs make the associated netrics exchange nodel different from what
is possibly adopted by the existing CATS netrics. Thanks to the

vari ations anmong the three netrics, we propose a holistic CATS
reference nodel to acconmodate the netrics extension of Al-agents in
an ACN.
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The Figure 2 denonstrates the integrated CATS reference architecture
that accommodates the existing GPS, CNMA C SVA as well as the
(new) Al-agents in ACN. The Al-agent#0 is a physical -form Al - agent
(e.g., enbedded in a server) and the Al-agent#l1 is a virtual instance
deployed in the cloud service site#l. The service instances #2, #3a
and #3b are normal CATS instances deployed in the site#2 and site#3,
respectively. The CATS entity CGSMA-2 is in the service site#2 and
the CGSMA-3 in the site#3, handling the capture, processing and
distribution of conpute netrics at service sites. The provider
network in the figure contains two CATS network netric agents, i.e.,
C-NMA-2 and CG-NMA-3, for the handling of network netrics. Both
C-SMAs and C-NwAs talk to the CATS entity G PS for netrics
distribution. Here CNMAs, C-SMAs and C-PS are defined in

[ CATS. Fr amewor k] .

When the CATS framework is extended to accommpdate the Al-agent
metrics in an ACN, there will be either a new type of CATS agent to
be introduced, e.g., naned as CATS Al-agent Metric Agent or C AVA
that can talk with CPS, or the Al-agents directly engaging &
communi cating with G PS.
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C- NMA: CATS Network Metric Agent
C- SMA: CATS Service Metric Agent
C- AMA: CATS Al -agent Metric Agnet (new)

S + Al - agent
| Al-A | Inst.#1
ommmo - + (virtual)
R I -------- +
| 000 (CAWA1
I V7 I
| Service O Sitel]
E - |------ +
| B +
| Service|
Provi der Network | | I'nst#2 |
U | ---------- + S +
/ I \ I
(C AMA-0) / 0....... O \ R I +
Fo-em- - + | | | | ooo (G SMA-2)
| Al - agent | | (CGPS) ...... (C NVA- 2) | | \|/ |
| #0 [----]---O0...... 0 0-------- |---]1---O Service |
| (Physic. | | | | | Site 2 |
S . + | | | e +
\ 0..... O C- NVA- 3) /
\ | /
R |[------------ +
I
S |------ +
(C SMA-3) Service O | - +
|Site 3 /]\ | | Service |
| 00 O0------- | I nst . #3a|
| | R +
+o-m - - |-------- +
I
S IR +
| Service |
| I'nst.#3b]|
S R +

Fi gure 2: CATS Reference Architecture for Integrated ACN
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3.1. CATS Reference Mddel and Reference Points

We propose to define a unified & generalized CATS reference node
with reference points for the signaling process between CATS
entities. CATS entities consist of CPS, CNWA C SMA and, as
introduced in the draft, CGAMA. The reference points shall be
standardi sed to support the functionalities and the interactions over
the reference interfaces between CATS entities.

The CATS reference nodel with reference points shall cover the
fol |l owi ng aspects:

* Service nodel: Proposed to be a producer-consurmer nodel, with each
CATS entity being either a producer or a consuner or both.

* Reference interfaces and points (between entities): definition,
identity, nane, paraneters, etc.

* Singaling nessages: definitions, paraneters, types of exchanged
messages (network-, compute-, and Al-agent netrics), etc.

* Singaling & managenent procedures: nmay include:
- CATS entity registration, authentication and authorization

- Peer discovery and sel ection: the discovery schene(s) can be
fromeither the draft [IETF-C sco-Alagent-draft] and the 3GPP
NRF-1i ke schene [TS. 23.501] that are applicable within the sane
domai n, or the | ETF MSDP-1i ke schenme [ RFC3618] applicable
across dommi ns.

- Peering session establishment, nmessage-exchange, peering-state
sync-up, peering-session update and nodification, and peering
rel ease, etc.

* Overl ay-based inpl enentati on and protocol stacks. Please
reference to the Section 2.2 for protocol stack discussion

* Communi cation channels & inpl enentati on schenmes, possibly being

- Authenticated APls: For exanple: REST APl nethods (get, post,
put, delete, etc.).

- Message brokers: a SWHWintermediary, facilitating

comruni cati on and data exchange between different CATS entities
and Al -agents.
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3.

6.

2. Exanples of CATS Reference Points

The Figure 3 applies the CATS reference nodel to exenplify the
reference points and reference interfaces between different CATS
entities and Al-agents. For exanple, the reference point "RP_ps_nm"
is between the C-PS and the CG-NMA, and "RP_aia ps" is between the Al-
agent and the CG-PS. Note that the (cl) and (c2) are reference
interfaces within the scope of their associated reference point.

dom e + T +
| CATS CGPS +(cl)------ H------ (c2)+ CATS C-NMVA |
L + RP_ps_nma e +
S + S +
| CATS GNVA  +(cl)------ H------ (c2)+ CATS C-NMVA |
R T + RP_nma_nma R R +
Fom e + R LT +

Al - agent +(cl)------ []------ (c2)+ CATS GPS |
Fomee - + RP_ai a_ps A +

Figure 3: Reference points & interfaces btwn CPS and C NVA
Security Considerations
There is no security concern.
| ANA Consi derations
There is no | ANA requirenent.
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