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The Challenge

Given a degraded 5G scenario, can an agent automatically identify the

corrective actions that restore performance?

5G Network Measurements Agent What is Wrong'? Corrective Throughput
Moving user Telecom KPlIs Al/LLM Troubleshooting Action Restored

2000 training scenarios

500 test scenarios (Round 2)

Choice 1: Increase A3 Offset threshold for base station 4 by 3 dB
Choice 2: Press down the tilt angle of base station 3 by 5 degrees

500 test scenarios (Rou nd 1 ) Choice 3: Add neighbor relationship between base station 3 and 4

ScenarioID

20+ candidate actions per scenario

Answer

1

C13

1 or multiple correct answers
2

C2|C8|C17|C19
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Ask the LLM Everything

First Naive Approach

S . cianp|SINR (dB) | Throughput (Mbps)| ... 5 ;3 Pick answer(s) from
= 22:21:311.)944|9.5I62I .. g g \/ 20+ options
U 22:21:32.210|A8.8|55| LLM 1 Adjust azimuth
: —_— (Qwen3.5-35B-A3B) ——> 2. Increase power
v 3. Reduce A3 offset
g Agent with “Analyze the data and
tool access select the correct action(s)” 20+. Add neighbor rel.
(iAéj) £ Configuration data
Be (o) D User plane data
Network data :
retrieved via alf - £I™  KPI data
5G-specific tools
(9) \
(A) (A) ) Measurement report data
f ks Signaling event logs

[ X DIDN’T WORK: Too much data, too little structure for the model ]
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A Hybrid Troubleshooting Agent

Decomposing the challenge into multiple decisions

i R (- N & e, @ o il N\ '3 N
Raw 5G @ Structured € Supervised Base Station @ Heuristics O Final
Network Data Feature Engineering Classifier Selector Troubleshooting
— = = == Action(s)
(( )) ’ Qc? mobility behavior T (( )) v —_—
ASG--? e[S S ’ Ing! EE
ot ’L > ouﬂﬂ radio quality — > B —> — ) P @
: : : : - - N - N O
D o | rC((_);_)\ congestion | Action Group @ Language Model
\ a0 .- Reasoning
— — = ) Identifies the > = Recommended
KPIs,t(I):%s;,OZ\;ents, | @ reliability rgl:::::af::;o action(s) with target
\ , y Il and t
configuration, ... S i N / Ambiguous cases st saides
requiring contextual
L y L J L reasoning y L 4
Gather evidence Reduce noise & Reduce decision  Identify which Most scenarios
from muiltiple expose telecom- space from 20+  base station is resolved before
network planes specific patterns actions to 10 responsible this stage
categories
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Raw Measurements =» Diagnostic Indicators

Feature Engineering

Strongest-neighbor cell signal strength (RSRP)

P, e P e Y

-110 -105 =100 -95 =90 -85 -80 =75
Stronger neighbor RSRP (dBm)

Is there a viable
handover candidate?

200

User-plane signal quality (SINR)

good

R R P Y

é
6 ] 10 12 14
Mean user-plane SINR (dB)

Clean coverage or
interference-limited operation?

« Telecom KPIs often show distinct, well-separated operating regimes
» Feature engineering condenses signals into compact
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indicators that capture these regimes
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Decision Logic for Troubleshooting Actions

[Classification over action groups]

* Input. engineered telecom features

« Qutput. corrective action group

[ Mobility Instability ]

low

| high

v

[ High CCE Failure Rate ]
[

.

[ Add Neighbor Cell ]

} high

[ PDCCH Modification ]

v low
[ Best Neighbor Has Low Signal ]
no I I yes
[ Initial BLER Error Level ] | Power Increase l

low * + high
. . . [ Event Duration Level ] [ Event Balance Distribution ]
* Model: binary decision tree .

short ¥ long balanced I unbalanced

[ Decrease A2 and/or ] ‘ *

o high AS Thresholds [ Power/Tilt Reduction ] [ A3 Offset Reduction ]
v v
High Uplink PRB Utilization Power + Tilt + A3
(Serving Cell) Offset Adjustment
low + . high
High Uplink PRB Utilization High Uplink PRB Utilization M L ran k| N g m Od e |
(Strongest Neighbor) (Strongest Neighbor)

low l

ihigh low* ¢ high

Check Server &
Transmission Issues

[ Lift Antenna Angle] [ Lift Antenna Angle ] More Data Needed ]

selects base station
from remaining options
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[ Round 1 — 100% accuracy on test set}
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Handling Ambiguous Action Groups

Round 2 introduces ambiguity that requires extending the fixed decision pipeline

Into a reasoning system.

Round 1
Initial pipeline
performed well

/o Predicted Action\

Increase Tx
((( ) Power
A Adjust Antenna
Azimuth

Both actions aim to improve
radio conditions, but through

K different mechanisms /
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single-answer

-

A

Model must
choose between
actions that were
never observed

separately in

training data

~

— D
iy

Heuristics

Rule-based scoring
for well-defined cases

-

— EEE

A LLM
o
22y .
Del Context-aware reasoning
to choose the best action

-

J

711


https://www.w3.org/TR/WCAG21/

LLM-Assisted Ambiguity Resolution

Context-aware prompts tailored to the specific action group

System Prompt (task-specific)

@ Optimization objective 51-5 Decision criteria
-— Candidate actions {} Structured output

@ User Prompt (task-specific)

" Case 2: Mobility / handover )

Timeline of handover
gg o Cell geometry triggers,
Q¥ & relative position successes/failures
AA
<5 ‘ 1

KPI evolution over time

D ll Rradio quality KPIs

Aggregated radio and geographical context < Compressed sequence of mobility events >
- J
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Structured
) Decision
(JSON)
L—r {
v _> “actiOn”: “".”’
— \ “confidence”: 0.xx,
LLM “reason”: “".”,
}

_____________________________________________

LLM as a last-resort
reasoning layer

_____________________________________________



Lessons from Round 2

When the assumptions learned during training no longer hold

/u Edge cases & Inconsistencies

Scenarios & patterns not seen in training data

dP Ambiguous actions

More than one valid action or competing options
fffffffffff Accuracy

@ Multiple valid explanations

Different root causes can explain the same

observations

Single-pass reasoning
Late LLM fallback limits adaptation

[T A PR <

~ :

100% > 44%

_________________________________________________

/ . troubleshooting agent

_________________________________________________
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' Need for a more adaptative
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Rethinking Agentic 5G Troubleshootlng

4 N
Q Coordinator \{\ P e
erate unti
« Sets hypotheses « Compares explanations :
15 o = = P confident
« Chooses next specialist agent [ Enough evidence? } -------------- >
. J . J
4 - )
ML ranking model 5G Experts team Mobility Coverage Interference
3 DY N specialist specialist specialist
o J
= Tools (On-demand) } { Expert knowledge base
LLM-powered ™| Rawoutput | . + LLM Parser = SStru_cturSg oblste_rvc?tior;_s
s T HT Ak A fmoty T - o A e o= “Serving gNB quality is degradin
data processing (tabular text) & Analyzer *== whie neighbor improves”
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Concluding Thoughts

Domain knowledge still matters

Telecom features + ML remain powerful

LLMs complement classical ML

Add value on ambiguous cases, not a replacement for structured models

Al @ Future of telecom troubleshooting

-
& Smarter integration of ML, expert knowledge, and adaptive reasoning

.E. Telefdnica 11/11



Telefonica

liesbeth.roelens@telefonica.com

prey This work has been partially supported by the European Union’s Horizon
6:_D&LI Program through the 6G Data and ML operations automation via an end-to-
- end Al framework (6G-DALI) Project under Grant 101192750.

hank, Y0



	Slide 1: Building an AI/LLM Agent  for 5G Network Troubleshooting
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12

