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Intent-Based Networking (IBN) INTENSE =

OSS: Operations Support System

Traditional network management relies on low-level, and technology-specific
configurations, making it error-prone, and poorly suited for autonomous networks.

Intent-Based
Networking

Intent-based Networking (IBN) simplifies network management and enables
the evolution toward autonomous networks

Management Layer

O Intent abstracts complexity by allowing users to express
what they want , not how to implement it.

O It supports closed-loop control allowing systems to
continuously adapt service objectives without manual )
Intervention. D ®

Infrastructure Layer
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Intent Profiling, declare the intent using
a declarative structure.

Intent
Profiling

Intent Translation, translate high-level Intent
intents into low-level configurations. Reporting

Intent Activation, activate the intents

Cr . Management Layer
within the infrastructure. 5 Y

Intent
Intent Assurance, ensure the intents I Translation &

respect the specified requirements. Intent Activation
Assurance

Intent reporting, provide feedback to
users about the status of the intent.

Infrastructure Layer




Challenges INTENSE® =

Different standardization bodies (3GPP, TM Forum, ETSI) define A\

heterogeneous OSS APl endpoints and JSON structures.

{ "swIimage”: "string”,

"nsdId": "string", "version": "string",

"name": "string", "virtualComputeDescId": "string",
"configuration"”:

"versicn": "string”,
"provider”: "string”, ; . L Intent
"checksum”: "string”, “naTe . ftzn_:g N t.
"userDefinedData": { bl L ) R p g P f.I.
"regionld": ["string“], e O r In rO I Ing
" : = L : "oy I
appInstantiationOrder”: ["string"” | "earts” i
nﬂ?pnlr: | . "name”: "string",
1 i . ) . i "containerPort"™: number,
appPId”: "string”, "protocol”: "string”,
"appDVersion”: "string", "exposeTo": "string”
Sl | Management Layer
"dnsRuleld": "string", "name" : "string”

"domainName": "string”, }
"ipAddress": "string", ] 4 I ntent
"wvirtualComputeDescriptor"”:

"ipAddressType": "string", .
e e "virtualComputeDescId": "string”, TranSIatIOn &
’ "virtualCpu": ({ I ntent s .
"appDescription": "string", _ "auaiirtuallpn”: nusbe: ACt|Vat| On
::appblame? ; "?trfng“ S '“l:rirtualMEmc:-ry" : ASSU rance
appProvider": "string", "wirtualMemSize”: numbe:

"swImageDescriptor”: |

"id": "string",

"minDisk": number, ) ' ETSI77 S\

minRam": number,

"siza”: number, } . ‘\\\ ///

Infrastructure Layer




Challenges INTENSE® =

Different standardization bodies (3GPP, TM Forum, ETSI) define  3Hr forum ersyc—)
heterogeneous OSS APl endpoints and JSON structures. DR ~>.

"swIimage”: "string”,
"nsdId": "string", "version”: "string”,
"name": "string", "virtualComputeDescId": "string”,
"version": "string", "configuration”:
"provider”: "string”, . . L - I ntent
"checksum”": "string", "naTE - ftzlf_lg [ :
"userDefinedData": { s R p g P f.l.
"regionld": ["string"], e O rtl n ro I Ing
"appInstantiationOrder”: |["string" | "';:mrts".'
nﬂEpD": : - "nama": "string",
1 i ; ) . i "containerPort"™: number,
appPId”: "string”, "protocol”: “"string”,
"appDVersion”: "string" "exposeTo": "string”
Sl , | Management Layer
"dnsRuleld": "string", AI-\EITIEH : "string"
"domainName": "string”, }
"ipAddress": "string”, o I ntent
"ipAddressType": "string", "wvirtualComputeDescriptor"”: :
"ttl": number T I &
- "virtualComputeDescId": "string”, ra ns atlo n
1, "virtualCpu": { I ntent . .
"appDescription": "string", _ "auaiirtuallpn”: nusbe: ACt|Vat| On
"appName": "string", S - A r n
"appProvider": "string", Vﬁiii:ﬁiizgiée;' amban Ssu a Ce
"swImageDescriptor": | D
"id": "string", _
"minDisk"” : number - :
f j NN
"minRam"”: number, ETSI//// \\»\
"gize": number, } ‘K\\ ///

Users must understand these APIs, which
complicates intent-based orchestration

Infrastructure Layer
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l Next evolution towards “Natural Language” intents. O Allows users to manage networks, without

prior knowledge.
O Enables more automated, and scalable IBN
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Challenges INTENSE

O Removes APl complexity.

J Next evolution towards “Natural Language” intents. O Allows users to manage networks, without

prior knowledge.
O Enables more automated, and scalable IBN

“Deploy a 5G communication service on the most available part
of the virtualized infrastructure”

“We updated the resources of your XR service to ensure it
performs efficiently under high user load.”
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/ Large Language Models (LLMs) can understand, interpret, and generate natural language
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API: Application Programming Interface

Different standardization bodies (3GPP, TM ETSI(T__ )\ x@
Forum, ETSI) define heterogeneous OSS API e

endpoints and JSON structures. Intent
Profiling
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Motivation INTENSE =

API: Application Programming Interface

Vim VIM management A POST /service/create Create a new service.

[ ( "swimage”: "string”,
"name": "string", "virtualComputeDescId": "string",
L "version": "string", "configuration”:
_ "provider”: "string”, i L o
/vim/create Create a new VIM. v ‘checksum®: "string”, LA ftz”.lg -
_ "userDefinedData": { L
“rEgiunId”; - “String“ : -
"appInstantiationOrder": ["string” ] 5ﬁnrts"~
— /vim/{vim id}/start Start a VIM instance N } 4 |
; ﬁFr’pD 2 "name": "string",
| "containerPort”: number,
: . : "ﬂFPDId”?IHBtIing"r‘ “protocol”: "string”,
POST /vim/{vim_id}/stop Stop a VIM instance ™ "appDVersion”: "string", "exposeTo": "string”
. "appDNSRule": )
r "dnsRulelId”: "string", "name”: "strimg"”
m /vim/{vim_id} Retrieve information about a specific VIM. v RS '-
L "ipAddress": "string", | 4
"ipAddressType": "string", "virtualComputeDescriptor"” :
"ttl": number
DELETE /vim/{vim_id} Stop and delete a VIM instance AV \ "virtualComputeDescId": "string",
i | ' "virtualCpu":
"appDescription”: "string", numVirtualCpu®: numbe:
_ L _ "appName": "string", it o
/vim/{vim_id} Update a VIM instance bl "appProvider": "string", Viiti:ﬂiizgiée“ . vk
"swImageDescriptor": S
"id": "string", o
L s ] n - =Bk k; 1 3 P ! - e -\
MEepP MEP management N\ ,_“L}"glﬂ{‘f ! TUODAT, ) ETSI7Z___ )\
minRam": number, ] S |
"size" : number, ) &\\ ///

OSS API endpoints OSS “Create Service” endpoint with the Network
Service Descriptor (NSD) as the JSON body
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API: Application Programming Interface

OSS APIs have many endpoints, each for a different ‘m /vim Retrieve all VIMs.
functionality:

o Get infraStrUCtures POST /resource/availability Check the availability of a resource to host a service
e Check resources POST /service/create Create a new service.
e Create a service 1_ —
 "ngdId": "string”, "version”: "string":
"name"”: "string", "virtualComputeDescId": "string",
. . . "version": "string”, "configuration":
Each endpoint has diverse JSON structures depending on the provider’: Tstring, " name": "string’,
"userDefinedData" : .': "value®: "string”
standard: 3GPP, TM Forum, ETSI e .;
"appInstantiationOrder": ["string" | ;ﬁﬂrtﬂu;

x@ fOI’U’n ETS"/// \\\\ -"ciuffpﬂ": | ‘name”: "string”,

"appDVersion": "string”, “exposeTo": “"string”
"appDNSRule": |

"dnsRuleId”: "string", "name”: "string”

"domainName": "string", }

"ipAddress"”: "string", |

"ipAddressType": "string", "virtualComputeDescriptor"”:

"ttl": number

"virtualComputeDescId": "string”,
| "virtualCpu": |
"appDescription”: "string”, numVirtualCpu®: numbe
"appName": "string", Sl -
"appProvider": "string"”, virFualHemary.. -
virtualMemSize": nun

"swimageDescriptor"”:

"id": "string”,
"minDisk" : number,
"minRam”": number,

"size" : number,




Motivation INTENSE =

API: Application Programming Interface

OSS APIs have many endpoints, each for a different ‘m /vim Retrieve all VIMs.

functionality:
o Get infraStrUCtures POST /resource/availability Check the availability of a resource to host a service
e Check resources POST /service/create Create a new service.
e Create a service 1_ —
 "ngdId": "string”, "version”: "string":
"name"”: "string", "virtualComputeDescId": "string",
. . . "version": "string", “configuration”:
Each endpoint has diverse JSON structures depending on the provider’: Tstring, " name": "string’,
"userDefinedData" : .': "value®: "string”
standard: 3GPP, TM Forum, ETSI e .;
"appInstantiationOrder": ["string" | ;ﬁﬂrtﬂu;

form‘ ETS’/// \\\ ;';EPD B "nama”" : "string”,
> 4 ' apoore®: “atring', ety Tt

"appDVersion": "string”, “exposeTo": “"string”
"appDNSRule": |
"dnsRuleId”: "string", "name”: "string”
"domainName": "string", }
"ipAddress"”: "string", |
"ipAddressType": "string", "virtualComputeDescriptor"”:

"ttl": numbe:
"virtualComputeDescId": "string”,

"virtualCpu": |

Users must understand endpoints and their JSON bodies, *appDescription®: "string”, *munvireualcpu®: numbe:

B X "virtualMemory":

° which complicates IBN adoption. B *virtualMensize®: nusbe

swIimageDescriptor”: |

"id": "string”,
"minDisk" : number,
"minRam": number,

"size" : number,
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J Moving towards using natural language to express intents

“Deploy a 5G communication service on the most available part
of the virtualized infrastructure”
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Motivation

“Deploy a 5G communication service on the most
available part of the virtualized infrastructure”

INTENSE ==

API: Application Programming Interface

@ﬂ /vim Retrieve all VIMs.

@‘ POST /resource/availability Check the availability of a resource to host a service

®

POST /service/create Create a new service.

—
pr———

"nedId": "string",

"name": "string",
"version": "string",
"provider"”: "string”,
"checksum”: "string",
"userDefinedData": {
"regionld”: ["string"],
"appInstantiationOrder": ["string" |

"appD" :

L "appDId": "string”,

"appDVersion": "string"”,
"appDNSRule"”:
"dnsRulelId”: "string",
"domainName": "string",
"ipAddress"”: "string",
"ipAddressType": "string”,
"ttl": number
)
"appDescription”: "string",
"appName": "string",
"appProvider": "string"”,

"swImageDescriptor”:

"id": "string”,
"minDisk": number,
"minRam”: number,
"size" : number,

"swimage”: "string”,

"version": "string",
"virtualComputeDescId”": "string”,
“configuration”:

"name”: "string",
"value”: "string"

"ports”:
nama” : "string”,
containerPort”: number,

protocol”: "string”,
exposeTo": "string”

"name”: "string”

"virtualComputeDescriptor"”:

"virtualComputeDescId": "string”,
"virtualCpu": |
"numVirtualCpu”™: numbe:

"virtualMemory" :
"virtualMemSize": 1
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Motivation

Natural language Intents

“Deploy a 5G communication service on the most
available part of the virtualized infrastructure”

INTENSE ==

API: Application Programming Interface

@ﬂ /vim Retrieve all VIMs.

@‘ POST /resource/availability Check the availability of a resource to host a service

®

POST /service/create

Create a new service.

—
pr———

"nsdId": "string",
"name": "string",
"version": "string",
"provider"”: "string”,
"checksum”: "string",
"userDefinedData": {
"regionld”: ["string"],

"appD" :

L "appDId": "string”,

"appDVersion": "string"”,
"appDNSRule"”:
"dnsRulelId”: "string",
"domainName": "string",
"ipAddress"”: "string",
"ipAddressType": "string”,
"ttl": number
)
"appDescription”: "string",
"appName": "string",
"appProvider": "string"”,

"swImageDescriptor”:

"id": "string"”,
"minDisk": number,
"minRam”": number,

"size" : number,

"appInstantiationOrder": ["string"”

"swimage”: "string”,
"version": "string",
"virtualComputeDescId":
“configuration”:

"name”: "string",
"value”: "string"

"string",

"ports”:
nama” : "string”,
containerPort”: number,

protocol”: "string”
exposeTo": "string”

"name”: "string”

"virtualComputeDescriptor"”:

"virtualComputeDescId”:
"virtualCpu": |

»

"string”,

"numVirtualCpu”™: numbe:

"virtualMemory" :
"virtualMemSize": 1
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Motivation

Natural language Intents

“Deploy a 5G communication service on the most
available part of the virtualized infrastructure”

O Multiple OSS-level API calls,

~

O With the appropriate YAML/JSON bodies

generated internally,

O Execute the API calls, to fulfill the intent

N

INTENSE

API: Application Programming Interface

@ﬂ /vim Retrieve all VIMs.

/resource/availability Check the availability of a resource to host a service

b

ST /service/create Create a new service.

HnEdIdI’h: Iistringllr

"name": "string",
"version": "string",
"provider"”: "string”,
"checksum”: "string",
"userDefinedData": {
“regionId”: ["string"],
"appInstantiationOrder": ["string" |

"appD": |

"appDId": "string”,
"appDVersion": "string"”,
"appDNSRule": |

"dnsRuleId”: "string",
"domainName": "string",
"ipAddress"”: "string",
"ipAddressType": "string”,

"ttl": numbe:

)

"appDescription”: "string"”,
"appName": "string",
"appProvider": "string"”,
"swImageDescriptor”: |

"id": "string”,
"minDisk" : number,
"minRam”: number,
"size" : number,

"swIimage": "string",
"version": "string",
"virtualComputeDescId":
“configuration”:

"name”: "string",
"value": "string"
"ports”:

"nama”" : "string”,

"containerPort™: number,
"protocol”: "string”,

"exposeTo": "string”

"name”: "string”

"virtualComputeDescriptor"”:

"virtualComputeDescId"” :
"virtualCpu": {

"numVirtualCpu”™: numbe:

"virtualMemory": ({

"virtualMemSize": numbe

"string",

"string”,
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Approach

API: Application Programming Interface

O Multiple OSS-level API calls,

Natural language Intents O With the appropriate YAML/JSON bodies

v generated internally,
O Execute the API calls, to fulfill the intent

0 A complex task for one LLM agent to handle

Multiple LLM agents (Agentic Al), each responsible
for a specific role

NP To address this, we introduced OSS-GPT:
- @: O An agentic Al framework that translates natural language intents into multiple API calls.

O Generates their request bodies (JSON), and executes them.




Approach INTENSE =

Users
R LLM agent tools
N
4» % ICL context
Assistant
E 0SS-GPT Agent .
| A '

\7 E

E Planner ' The set of 0SS API ' [2 5
. S . = ,
: Agent g e endpoints | Ef :
Executor ‘ Documentation of the . rg
Agent chosen endpoint IE :

: ~ Blueprint | | Human ; |
| - Generator ' ' Validation X Reporter :
g Agent

Operations Support System (0SS)




Approach

INTENSE

B Assistant: will interact with the users using natural
language.

Users
R LLM agent tools
N
0 % ICL context

E Assistant

Executor ‘ Documentation of the .
E Agent . chosen endpoint

v
i Planner ' The set of 0SS API ' [2
. <---- . =
: Agent E S endpoints ______. Er

' Blueprint . Human . ,

: ~ Generator ' ' Validation X Reporter l

...................................................... Agent

' o e . API Caller . | :

,__Explorer . '

e e e e e e e e e e m— e ——————— Lo e
\/

Operations Support System (0SS)
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B Assistant: will interact with the users using natural

. -

B Planner: will plan the set of API calls to fulfill the

. E Assistant
Intent. : 0S5-GPT Agent

| ' | A -
@ ‘ m /vim Retrieve all VIMs. ; |
: Y :

@ POST /resource/availability Check the availability of a resource to host a service : Planne r :- ) —'I-'I;é— -s—e:t- -o-f— -655- -A—p-I- o : :

' <-4 . = ;

@ POST /service/create Create a new service. E Agent g v 9[‘9?9_{“_?% o o= !

Executor ‘ Documentation of the ! fg |
: Agent . chosen endpoint ! [0% I

: ~ Blueprint | | Human ; |
| - Generator ' ' Validation X Reporter :
g Agent

Operations Support System (0SS)
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B Assistant: will interact with the users using natural

B Planner: will plan the set of API calls to fulfill the

. E Assistant
Intent. : 0S5-GPT Agent

| ' | A -
@ ‘ m /vim Retrieve all VIMs. ; |
: Y :

@ POST /resource/availability Check the availability of a resource to host a service : Planne r :- ) —'I-'I;é— -s—e:t- -o-f— -655- -A—p-I- o : :

' <-4 . = ;

@ POST /service/create Create a new service. E Agent g v 9[‘9?9_{“_?% o o= !

B Executor: will execute each API calls, using tools. . Executor «..... Documentation of the rg 5
E Agent chosen endpoint | (0= |

: ~ Blueprint | | Human ; |
| - Generator ' ' Validation X Reporter :
g Agent

Operations Support System (0SS)
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B Assistant: will interact with the users using natural

| Users R LLM t tool
: agent tools
danguage. -
0 % ICL context
B Planner: will plan the set of API calls to fulfill the T g ;
intent : Assistant :
. 0SS-GPT Agent '
@ ‘m /vim Retrieve all VIMs. E * | A E
@ POST /resource/availability Check the availability of a resource to host a service i Plal"ll"ler' E-- —'l-'l;é—;ejt- -o-_F— -655- -A-P-I-- _E — i
@ POST /service/create Create a new service. E Agent ( E _______ 9[‘9??_%"_?5_'________; % E
i ¢ | i
: I :
B Executor: will execute each API calls, using tools. i Executor «..... Documentation of the rg ;
E Agent . chosen endpoint | [0 '
B Reporter: report the results to the user using L ¢ ____________ l
: —~ Blueprint | . Human : :
natural language. ; N htator IValidation’ S Reporter :
. P hgent |
: . Blueprint . o7 caller ! | :
' .__Explorer . : !
o
\ /

Operations Support System (0SS)
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INTENSE

B Assistant: will interact with the users using natural
language.

B Planner: will plan the set of API calls to fulfill the
intent.

Ol = Iy Trained
@ POST /resource/availability Check the availability of a resource to host a service u S I n g I C L

N MACT
i -
@ ST

/service/create Create a new service.

B Executor: will execute each API calls, using tools.

B Reporter: report the results to the user using
natural language.

Users
}% LLM agent tools
N
0 %’ ICL context

E Assistant |
. 0S5-GPT Agent :

planne ' The set of 0SS API ' [ E
(“"". . i — '
Agent g T endpoints . Ef :

. Executor — __ i Documentation of the rg .
E Agent E . chosen endpoint | [0 I
E © Blueprint | | Human 5
| ~ Generator ' ' Validation X Reporter l
g Agent |

Blueprint . \pr caller - | :

' Explorer ' -

S R

Operations Support System (0SS)
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B Assistant: will interact with the users using natural

| vsers S LLM agent tool
. : dgen 00l1S
anguage -
=l IcL context
B Planner: will plan the set of APl calls to fulfill the =~ 777777777777 7mmmmmm s i
. Assistant :
Intent. Agent :
@ ‘ m /vim Retrieve all VIMs. Tra i N ed E
@ POST /resource/availability Check the availability of a resource to host a service u Si n g I C L I . anne E' - '_I'_I;é' 's‘e:t' E-F— '65;' ‘A‘P'I‘ -= E 2 E
@ oi5j0 | /service/create Create a new service. I 9[]51?_0_%“_?% L : % ;

m Executor: will execute each API calls{using tools. . Executor =\~ ! Documentation of the ! rg ;
I E . chosen endpoint ! [OX -

: Agent
Reporter |
P agent |

B Reporter: report the results to the user using E
natural language.

- Blueprint | . Human :
Generator ' ' Validation

————————————————————————————

. Blueprint | |

f 1 [
e - . | API Caller | '
"nsdId": "string”, "version": "string" 1
|| s sl @enerates the NSD (request bo rom Explorer . : ' '
"version": "string", "configuration”: ] 1 1
"provider": "string", i o i gy 2@ e esesssssassss’ ‘ssssssgesessss "
I "checksum string”, il %tnng [ I
"userDefinedData ", value": "string I —————————————————————————————————————————————————————————————————————
"regionId": ["string"],
I appInstantiationOrder : ["string "ports”: n a ' I ra a n l I a e
' [}
appD": "name": "string”
I G = N A "containerP ": numbex
a d": "string", rotocol . ing", I
"al xposeTo": " "
1| perations Support System
"dnsRuleId": "string”, "string I
I "domainName": “string",
sssssssssssssssssss mputeDesc I
1 |5 ™7™ 2 irsicosputavescrers “atoing e eve O e a - e X e rt
i N I
"appDescription”: "string", VirtualCp
I Name i ™ -
"appProvider”: "string", 2ua‘fug:sy;> [ ] [ ] [ ] [ ]
i r a I e u S I I e t u I
| -
I N N N NiNEg. I
"minDisk
‘ “min|
"siz
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Users
R LLM agent tools
N
0 % ICL context
Assistant
. 0SS-GPT Agent 5
| A '

\7 E

E Planner ' The set of 0SS API ' [2 5
. S . = ,
: Agent g e endpoints | Ef :
Executor ‘ Documentation of the . rg
Agent chosen endpoint IE :

~ BRueprint | |  Human : :
Inerator ' ' Validation X Reporter :
................................................. Agent

Operations Support System (0SS)
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Users
}ig LLM agent tools
L - T T ETFEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES ~ N [ o —
/ \ B
, \ 0 e ICL context

B Enable OSS-GPT to generate NSDs from natural language. s hCLRRECL e L LT RLESE LR :

Assistant
0SS-GPT Agent
Y
Planner ... The set of 085 APT | [
Agent g S endpoints . %’
Executor ‘ Documentation of the rg
Agent . chosen endpoint | [0

_ BRueprint | ! Human |
~ Ggnerator ' 'Validation ! X Reporter
B e I L EEEEE LS Agent

O LoRA (Low-Rank Adaptation): Efficient fine-tuning method
 Blueprint , iAPI Caller | |

O Injects NSD expertise without retraining the entire model. . ,
! : Explorer

\\ / ! [
N L7 \/

——————————————————————————— Operations Support System (0SS)

B Dataset Creation & Augmentation

O No public dataset available - dataset built from scratch.
O Initial dataset: 100 high-quality (intent, NSD) pairs.
O Augmentation via ICL: Used few-shot prompting

B Fine-Tuning with LoRA [1]

«>

. [1] Hu, Edward J., et al. "Lora: Low-rank adaptation of large language models." ICLR 1.2 (2022): 3.

36
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VRAM: video Random Access Memory

B Machine 1: 6G Infrastructure (Kubernetes Cluster)

] ] Mac0S Machine
O Hosts single-node Kubernetes cluster with E2E 5G stack

using OpenAirinterface [1]

B Machine 2: 6G Management (OSS & OSS-GPT)

O OSS-GPT built using LangGraph [2]
O GPT-4 for the Assistant, Planner, Executor, and Reporter
O NSD-expert for the Blueprint Generator ( Ollama [3]).

Service Monitoring Fault Intent :
manager manager manager manager @
........................................................................ p
v Configure .
B NSD-expert was fine-tuned using NVIDIA A100 (40GB vRAM) _}(lf_r‘_q%y‘y_cjt}[‘g_fg%y?jer‘ ___________________________________________________
O Base: Llama 3.2 - 3B Instruct é é é é é @
O Framework: Unsloth [4] + LoRA [5]
na1 nr-ue oai-gnb : : oai-amf oai-smf oai- up-F ; Edge Apps
nttps://openairinterface.org - RAN namespace | i ! it E i_f‘_'f"i_'f‘;"_"_e:"!’_a_‘_“'__i
https://www.langchain.com/langgraph

nttps://ollama.com
nttps://unsloth.ai
Hu, Edward J., et al. "Lora: Low-rank adaptation of large language models." ICLR 1.2 (2022): 3. 37
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m In this demo, a user will deploy an O-RAN app (RAN subservice) on the second VIM.




INTENSE ==

Demo

RAN: Radio Access Network

CN: Core Network
VIM: Virtualized Infrastructure Manager

m Three infrastructures (VIMSs) are available in the EURECOM testbed. O-RAN: Open RAN

m In this demo, a user will deploy an O-RAN app (RAN subservice) on the second VIM.

Terminology ...

Management Layer

-
I
@ 0SS

[ N\
A ((( 1 ))) 3 8 _0 g
D .@'\ I . o, = I & I
.. . QE :m
§ :

Infrastructure Layer




INTENSE ==

Demo

RAN: Radio Access Network

CN: Core Network
VIM: Virtualized Infrastructure Manager

m Three infrastructures (VIMSs) are available in the EURECOM testbed. O-RAN: Open RAN

m In this demo, a user will deploy an O-RAN app (RAN subservice) on the second VIM.

Terminology ...

Management Layer

-
I
@ 0SS

Service

Infrastructure Layer




INTENSE ==

Demo

RAN: Radio Access Network

CN: Core Network
VIM: Virtualized Infrastructure Manager

m Three infrastructures (VIMSs) are available in the EURECOM testbed. O-RAN: Open RAN

m In this demo, a user will deploy an O-RAN app (RAN subservice) on the second VIM.

| RAN
Terminology ... subservice

Managemgnt Layer

-
I
@ 0SS

Service
‘\ ‘\ Q [ & |
R @“ ((‘ | 5 Y0 B
D . .‘ ° c’;jw'z* tf“ ;:f:
I E s = = . Q
D ]+

Infrastructure Layer




INTENSE ==

Demo

RAN: Radio Access Network

CN: Core Network
VIM: Virtualized Infrastructure Manager

m Three infrastructures (VIMSs) are available in the EURECOM testbed. O-RAN: Open RAN

m In this demo, a user will deploy an O-RAN app (RAN subservice) on the second VIM.

. RAN CN
Termmology subservice - subservice
W
Management Layer I
@ OSS
Service
B @T\\ ((( | 5 Y-0 B
D . . ° @ o i’ z/
_ : -
D B0

Infrastructure Layer




INTENSE ==

Demo

RAN: Radio Access Network

CN: Core Network
VIM: Virtualized Infrastructure Manager

m Three infrastructures (VIMSs) are available in the EURECOM testbed. O-RAN: Open RAN

m In this demo, a user will deploy an O-RAN app (RAN subservice) on the second VIM.

RAN CN Application
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Demo

RAN: Radio Access Network

CN: Core Network
VIM: Virtualized Infrastructure Manager

m Three infrastructures (VIMSs) are available in the EURECOM testbed. O-RAN: Open RAN

m In this demo, a user will deploy an O-RAN app (RAN subservice) on the second VIM.

RAN CN Application
Terminology ... subservice = subservice subservice
W
Managemgnt Layer I
@ 0SS
VIM

Service
‘\ ‘\ 0 [ & |
” @ﬂ ((‘ | T =N )
D . .‘ ) ,_{JWVZJ il 5:/,
IS = EEm = = . Q
D ]+
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OSS Frontend

~ Dashboard

& Dashboard | facility

Q

N

Hi, Welcome back .

=
VIM

creations

Slice Creation Requests

(+43%) than last year

Y2 Excalidraw

NV
ZR
T

234

Failure

2 5 23
MEP Slices

creations creations Reports

Current Visits
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& Dashboard | facility Y2 Excalidraw
Q S L7 | ﬁ
— - e ab
i @
om—

N

Hi, Welcome back .

234

Failure

@ 1 2 5 23
VIM MEP Slices

creations creations creations Reports

Manage VIMs and
Services

Slice Creation Requests Current Visits

(+43%) than last year

@® Broadpeak Samsung @ Eurecom

48.4%
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List of VIMS

= VIMs | facility

Q

VIMs

Name ™

Nodes

Type

Vanilla_Kubernetes

Vanilla_Kubernetes

Vanilla_Kubernetes

¥, Excalidraw

v%
AN
£

Status URL

HEALTHY http://regionl.eurecom.fr

HEALTHY http://region2.eurecom.fr

HEALTHY http://region3.eurecom.fr

Rows perpage: 5 ~ 1-30f 3
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= Services | facility ¥ Excalidraw
Q R 8 &
| ——— Cﬂ)
e — i
Services
-
Q S ' —
3 Dashboard
@ ViMs Name T RAN Instances Core Instances App Instances

List of Services

6gsunrise-service

netAppE2ETrial

Rows perpage: 5 ~ 1-2 of 2
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= SubServices | facility Y2 Excalidraw
= o £
Q 2= O &
b .
| —

Services/6gsunrise-service/SubServices

an
Q S -
~ Dashboard
@ VIMs Name ™ Type VIM Name Status
= Core Network 2 Services
deployed on VIM oai-core core-network INSTANTIATED
2
= RAN deployed on
VIM 3 oai-ran INSTANTIATED

Rows perpage: 5 = 1-2 of 2
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- ettt Yy A boch b o
C """I"— ) v TURN 4
l assistant | & 2 minutesago +* View state * Re-runfrom here
v (E) v executor /Z
‘ | call_api (O ID
i reporter | executor
) b |
http_method DELETE
re = . o
—end__ cleaner tools
url http://192.168.1.4:8000/vim/vim3
Input View Raw v & 2 minutesago + View state « Re-runfrom here
() Messages Required W @ v tools 7
22 call_api
+ Message
OUTPUT Values JSON
() User Messages Required W e .
' > Al |he VIM instance with ID "vim3" has been successtully del...
User's Intent y
> Al VIM 3 has been successfully deleted. There are now 2 VIM...
2 T K &
horieeduill uo = v Planner Step
null
should be deployed on the second vim v User Messages

> 0 How are you ?...

+ Message > 1 I'mjust a virtual assistant, so | don't have feelings, but I'm here to help you! How can | assist y...
> 2 What can you do?...

{} Assistant Choice Required > > 3 | can help you manage and deploy 5G services on the Eurecom (EUR) testbed. This includes creating, ...

: . 5
{ } Planner Step Required > > 4 How many vims are in the system ?...

> 5 There are currently 3 VIM instances in the Eurecom testbed.

> 6 Please delete the last one ...

{6% Manaae Configuration (») Submit v s
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( __start__ ) v TURNS

package using the image 'production.imagehub/kpm-xapp:latest'. The package is deployed on
the second VIM instance available in the system.

[ assistant J v Planner Step
R null
\‘v & ©Osecondsago e« View state « Re-runfrom here
planner
A @ v reporter /
v User Messages
r reporter ] executor v 0
7 = The 'demo-service' has been created with one RAN subservice that includes the 'kpm-xapp'
/,,./ | [ 3 package using the image 'production.imagehub/kpm-xapp:latest'. The package is deployed on the
- | | v O\ 7\ second VIM instance available in the system.
( —end__ ) cleaner ’ ‘ tools
\ : | 7 & Osecondsago e+« View state « Re-runfrom here
v User Messages
() Messages Required W ’

> 0 How are you ?...

OSS-GPT report

+ Message > 1 I'm just a virtual assistant, so | don't have feelings, but I'm here to help you! How can | assist y...

> 2 What can you do?...

On-. ~2aes Required v > 3 | can help you manage and deploy 5G services on the Eurecom (EUR) testbed. This includes creating, ...
> 4 How many vims are in the system ?...
+ Message
> 5 There are currently 3 VIM instances in the Eurecom testbed.
{ } Assistant Choice Required > > 6 Please delete the last one ...
> 7 VIM 3 has been successfully deleted. There are now 2 VIM instanc...
{ } Planner Step Daquired >

> 8 Create a new service with name demo-service containing one ran subservice. This latter contains one ...

The 'demo-service' has been created with one RAN subservice that includes the 'kpm-xapp' package using
the image ’productIon.imagehub/kpm-xapp:latest'. The package is deployed on the second VIM instance
available in the system.

{§} Manage Configuration @ Submit Vv
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.168.1.4 - - [19/May/2025 11:57:32] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:57:35] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:57:38] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:57:41] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:57:44] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:57:49] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:57:54] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:58:02] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:58:21] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:58:48] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:58:51] "GET /vim HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:59:18] "GET /service/service-456/subservice HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:59:19] "GET /vim HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 11:59:41] "DELETE /vim/vim3 HTTP/1.1" 200 -

List of OSS API

endpoints used by

OSS-GPT to fUIfI“ .168.1.4 - - [19/May/2025 12:00:32] "GET /vim HTTP/1.1" 200 -

. .168.1.4 - - [19/May/2025 12:01:45] "POST /service/create HTTP/1.1" 200 -

the intent .168.1.4 - — [19/May/2025 12:01:50] "GET /service HTTP/1.1" 200 -
.168.1.4 - - [19/May/2025 12:01:55] "GET /package HTTP/1.1" 200 -
me': 'kpm-xapp', 'osContainerDesc': [{'annotations': ['netsoft/web-application: xapp'l, 'architecture': 'x86-intel', 'bootData': None, 'computingResources': {'’
: {'cpu': '200m', 'ram': '512Mi'}, 'req': {'cpu': '100m', 'ram': '256Mi'}}, 'configuration': [], 'description': 'XApp application running on KPM', 'image': {'cor
rfile': None, 'id': None, 'link': None, 'name': 'production.imagehub/kpm-xapp:latest'}, 'name': 'kpm-xapp', 'ports': [{'containerPort': 80, 'exposeTo': 'internef

me': 'http', 'protocol': 'TCP'}], 'storage': None}]}

4fdd-ef44-443f-8a87-cdd916465fe2

.168.1.4 - - [19/May/2025 12:02:17] "POST /package HTTP/1.1" 200 -

.168.1.4 - - [19/May/2025 12:02:23] "POST /service/c2da806d-7ee5-45e3-8e91-73886d2e215d/subservice/create HTTP/1.1" 200 -
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The new service is
created

& Services | facility

G, e Q
| - o
Services
S
Q S

Y2 Excalidraw

Name RAN Instances Core Instances App Instances

6gsunrise-service 1 1 0

demo-service

netAppE2ETrial 0 1 0

Rows perpage: 5 ~ 1-30f 3
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The subservice is
deployed on VIM 2

= SubServices | facility Y. Excalidraw
|
Q b &
| —— .
Services/demo-service/SubServices
S
® _

~ Dashboard
@ VIMs Name 1 Type VIM Name Status

Cor\/ices

ran-subservice INSTANTIATED

Rows per page: 5 ~ 1-1of 1
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= NFs | facility Y2 Excalidraw
Q >
| —— S i a0
R —) .
S ——

Services/demo-service/SubServices/ran-subservice/NFs

~ Dashboard

E] VIMs Name 1 Status Interfaces

The subservice
contains 1 kpm-xapp 2

Qor\/ices

kpm-xapp INSTANTIATED No Interfaces

Rows perpage: 5 ~ 1-1 of 1
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API: Application Programming Interface

Users

N

4»

Management Layer T l

@ 0SS

Closed control loop to ensure
intent requirements are satisfied
throughout their lifecycle

Intent
Assurance
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XAl: eXplainable Al

B Intent Assurance, or Zero-touch Network and Service Management (ZSM), enables autonomous network
management without human intervention.

B Detecting anomalies, identifying their root causes, and resolving them autonomously.




Motivation INTENSE =

XAl: eXplainable Al

B Intent Assurance, or Zero-touch Network and Service Management (ZSM), enables autonomous network
management without human intervention.

B Detecting anomalies, identifying their root causes, and resolving them autonomously.

Al methods have been widely used in research to detect
anomalies.

However, Al are often black boxes lacking explainability,
making it difficult to extract the root cause.

_—_—_—_~
N_______




Motivation INTENSE =

XAl: eXplainable Al

B Intent Assurance, or Zero-touch Network and Service Management (ZSM), enables autonomous network
management without human intervention.

B Detecting anomalies, identifying their root causes, and resolving them autonomously.
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! anomalies. | ! thus identify the root causes of anomalies. |
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' making it difficult to extract the root cause. ,' ' anomalies /,'
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XAl: eXplainable Al

B Intent Assurance, or Zero-touch Network and Service Management (ZSM), enables autonomous network
management without human intervention.

B Detecting anomalies, identifying their root causes, and resolving them autonomously.
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el ~ e \
:' Al methods have been widely used in research to detect \: :' XAl methods have emerged to explain Al decisions,,
! anomalies. | ! thus identify the root causes of anomalies. |
! However, Al are often black boxes lacking explainability, ! ' However, XAl rely on numerical values to explain |
' making it difficult to extract the root cause. ,' ' anomalies /,'
Feature Value » A N
BRI Iy e SRR
These XAl values are difficult for users with little C e ek e,
domain knowledge to understand. o MR
This removes trust in the autonomous system, : R MR
which is mandatory in IBN st
N, et ,\ PP e
o o wissml v
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J Moving towards using natural language to report the status of intents

“We updated the resources of your XR service to ensure it
performs efficiently under high user load.”
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Pipeline :

@ Al for anomaly detection and prediction

[
I

@ XAl for anomaly root cause analysis | '[ Al
I

[ Monitoring ]

@ LLM for explaining anomalies, and providing
corrective actions to resolve the anomalies, which T KPIs

are then applied autonomously without human
Intervention.
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SLA: Service level Agreement
XGBoost: eXtreme Gradient Boosting
SHAP: SHapley Additive exPlanations
MS: Monitoring System

A 6G application running at the edge with strict SLA User portal
latency requirements. [6.42, -0.35, 0.12,
-0.08, 0.25, 0.45]

> SHAP o
XGBoost (Al) [1] is used to predict latency violations; > B E_output
0 || 1|_) EI *
SHAP (XAI) [2] is applied to identify the root cause YGBoos+ “iy u;"‘a ?Is" enabled 7
(e.g., CPU or RAM); A L5, ?-"
cpu_limit, cpu_usage :i 00 Meta > output
Llama2 (LLM) [3] provide human-understandable ram_limit, ram_usage | -
explanations of the violations along with corrective |
MS « Monitor Infrastructure

actions.

[1] Chen, Tiangi. "XGBoost: A Scalable Tree Boosting System." Cornell University (2016).

[2] Lundberg, Scott M., and Su-In Lee. "A unified approach to interpreting model predictions."
. Advances in neural information processing systems 30 (2017).

[3] Touvron, Hugo, et al. "Llama 2: Open foundation and fine-tuned chat models." arXiv

preprint arXiv:2307.09288 (2023). 67
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A 6G application running at the edge with strict SLA User portal
latency requirements. [6.42, -0.35, 0.12,
-0.08, 0.25, 0.45]

r o
XGBoost (Al) [1] is used to predict latency violations; SHAP E output
o || 1|_)
SHAP (XAI) [2] is applied to identify the root cause YGBoos+ u;"‘a ¢35" enabled 7
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actions.

[1] Chen, Tiangi. "XGBoost: A Scalable Tree Boosting System." Cornell University (2016).
. [2] Lundberg, Scott M., and Su-In Lee. "A unified approach to interpreting model predictions."

Advances in neural information processing systems 30 (2017). Trained
[3] Touvron, Hugo, et al. "Llama 2: Open foundation and fine-tuned chat models." arXiv using ICL
preprint arXiv:2307.09288 (2023). 68
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m 0.25 CPU cores, 256 MB RAM for the microservice application.
B Grafana [1] and Prometheus [2] are used to visualize cloud resource KPIs related to the microservices.

B ApacheBench [3] is used to generate HTTP traffic load.

B We monitor CPU and RAM usage and limits, along with the outputs of the LLM.

1] https://grafana.com/
nttps://prometheus.io/
3] https://httpd.apache.org/

N
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== go-server - usage == go-server - usage

T H:
2 =
— Home Dashboards Kubernetes Deployment CPU and Memory Metrics ¥ Add v Share Last 15 minutes v Q .2 55 Auto ° A
namespace load-test v deployment go-server v pod All v
v CPU and Memory Usage Summary
CPU Usage C RAM Usage CPU Limit per Pods
0.25
250 MB
0.2
&
0.15 200 MB
0.1
150 MB Memory Limit per Pods
0.05
0 100 MB
14:50 14:55 15:00 14:50 14:55 15:00
Name Name
== go-server - limit == go-server - limit
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. ( : : £=) 98 +k JERS (?) S
— Home > Dashboards > Kubernetes Deployment CPU and Memory Metrics Y = ©  Add v Share () Last15 minutes v @ ‘s 5s Auto v A
namespace load-test v deployment go-server v pod All v

v CPU and Memory Usage Summary

CPU Usage © RAM Usage © CPU Limit per Pods
0.25
250 MB
0.2
@
We stress the 015 200 MB
application with a load :
Of HTTP r'eques‘rs 150 MB Memory Limit per Pods

0 100 MB
14:50 14:55 15:00 14:50 14:55 15:00

Name Name

== go-server - limit == go-server - limit

&= go-server - usage &= go-server - usage

XGBoost predicted
SLA latency violation

SLA violation
predicted
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Home > Dashboards Kubernetes Deployment CPU and Memory Metrics Y 2 Add v Share () Last15 minutes v @ ‘2 58 Auto v

namespace load-test v deployment  go-server v pod All v

v CPU and Memory Usage Summary

CPU Usage © RAM Usage (U CPU Limit per Pods
0.25
250 MB
0.2
@
0.15 200 MB
0.1
150 MB Memory Limit per Pods
0.05
0 100 MB
14:50 14:55 15:00 14:50 14:55 15:00
Name Name
== go-server - limit == go-server - limit
The r'OOT cause |S == go-server - usage == go-server - usage

insufficient RAM and
CPU resources

The primary reason for SLA latency violations is related to insufficient RAM and CPU resources. To

prevent future breaches, it is advisable to increase the allocated resources by 50% for both RAM

Decision: Increase

both CPU and RAM to 0.375 and new RAM limit = 384MB.
higher values

and CPU. This adjustment would change the previous limits to the following: new CPU limit =
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H
Q Bod
— Home > Dashboards > Kubernetes Deployment CPU and Memory Metrics ¥ 2 ©y | Add v Share () Last15 minutes v @ ) 55 Auto v A
namespace load-test v deployment go-server v pod All ~
v CPU and Memory Usage Summary
CPU Usage RAM Usage ) CPU Limit per Pods
0.4 400 MB
350 MB
0.3
300 MB @
250 MB
The new allocation was 200 MB =
. . 03 Memory Limit per Pods
applied without human | 150 MB ~J
Intervention. . o5k6
14:50 14:55 15:00 14:50 14:55 15:00
Name Name
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-~ ~ : - 0 | 1 '€ N\ i g X

Home > Dashboards Kubernetes Deployment CPU and Memory Metrics Y 2 Add v Share

(¢) Last 15 minutes v x 9S Auto v A

namespace |oad-test v deployment  go-server< pod Al

v CPU and Memory Usage Summary

CPU Usage RAM Usage CPU Limit per Pods

0.4 400 MB

e 1 0.375

0.2 250 MB
200 MB
03 Memory Limit per Pods
' 150 MB
m
0 100 MB
14:50 14:55 15:00 14:50 14:55 15:00
Name Name
XGBOOST pr'edicfed an == go-server - limit == go-server - limit
SLA ViOIGTion bUT -rhls == go-server - usage == go-Server - usage
time the root cause
was solely insufficient
CPU resources.
g The main cause of SLA latency violations is insufficient CPU resources. To prevent this, increase
the allocated CPU resources to 0.563. @




Demo TINTENSE —=-

Home > Dashboards Kubernetes Deployment CPU and Memory Metrics Y 2 < Add v Share () Last15 minutes v @ ‘s 5s Auto

namespace load-test v deployment go-server v pod All v

v CPU and Memory Usage Summary

CPU Usage RAM Usage ) CPU Limit per Pods
=0 400 MB
ok 300 MB — -
200 MB
The.new qllocahon was 0.2 - = SR
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Intervention.
0 0B
14:55 15:00 15:05 14:55 15:00 15:05
Name Name
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Users Assistant Planner Executor Executor Reporter Assurance 0SS

Agent Agent Agent Tools Agent Agent o
’ = o o PN L4
W B & & . &

I | | | I I I
| need to deploy an application with )I > | I ! | | '
5ms latency requirements I need to deploy an application . .~ . o servic)é API)(IZal'Ler A A N

| with 5ms latency requirements | with ,name: demo-service | POST /service/create | | |

| | | | <€ <€ T 4 I

I | | < _ ! I I I OK I

| | Service created succ:slsfully Blueprint Generator | | |

| | Il need to create the NSD | > | | | |
| | lof the app Create the NSD for a package, | | |
| | | that will contain app | | | |
| | | <€ < NSD | | | |
| | | > | API Caller | | |
| .. i |

| Create a subservice in the demo- | POST /service/demo-service/subservice/create |

| | service service with the app + NSD |« ' <& A A |

I | | <€ | I I I I

| | . Subservice created successfully | | | OK |

' >
| I The subservice was created successfully. I'm done planning | | | |
| < | <€ 0 T M l | |
The app requested by the user was created in | | | | | |
the demo-service service with the following I | | | | |
information: ..... !

I | | | I I I I
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Intent Translation

. Mekrache, Abdelkader, Adlen Ksentini, and Christos Verikoukis. “Demo: Next-Generation Network Management with OSS-
GPT”. 2025 ACM SIGCOMM. Coimbra, Portugal.

. Mekrache, Abdelkader, Adlen Ksentini, and Christos Verikoukis. "OSS-GPT: An LLM-Powered Intent-Driven Operations
Support System for 6G Networks." 2025 |EEE 11th International Conference on Network Softwarization (NetSoft). |EEE, 2025.

n Demo: https://www.youtube.com/watch?v=A1tTyHhyT80

Intent Assurance
. Mekrache, Abdelkader, et al. "On combining XAl and LLMs for trustworthy zero-touch network and service management
in 6G." [EEE Communications Magazine 63.4 (2024): 154-160.

u Demo: https://www.youtube.com/watch?v=CtesBPSgT3c
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