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Motivation & Objective

« 5G systems are  Build concept for DTN

« DTN research assumes )
complex and hard to full access, not realistic for Amarisoft Callbox

analyze for Commercial-off-the- Classic

« Commercial systems shelf devices (COTS) « Evaluate feasibility
hgyg !imited internal under real-world
visibility constraints
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Digital Twin Networks

A DTN is a synchronized digital replica of a
physical network

It integrates:
* real-time network data

- analytical models [

* visualization tools

 control mechanisms

This enables monitoring, analysis, and controlled
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DTN Capability & Evaluation

ITU-T framework for evaluating DTNs consists of capability levels and evaluation dimensions.

Autonomy /

User
Experience

(Autonomous twin)

Optimisation

(Intelligent control)

Evaluation Dimensions '1

Prediction of DTN ;

(Performance and
trend prediction)

Interaction Interactive
(Two-way interaction) Mapping
Representation \
(One-way mapping)
Capability Levels of DTN from ITU-T Y.3091 Evaluation Dimensions for DTN from ITU-T Y.3091

Hence, key evaluation aspects considered in this work are observability, representability and interactivity.
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DTN Architecture for Amarisoft 5G System
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DTN architecture showing data acquisition, interface access, and control flow for the Amarisoft 5G system.

%;I‘;\jl Research Group for Telecommunication Networks | 30. MKT | DTN of a 5G COTS Device: Concept, Implementation Limitations, and Classification 6




RAN - Functional Modelling

* Free-Space Path Loss (FSPL):
FSPL(dB) = 20log4¢(d,.,) + 20l0g10(fyy,) + 32.4

where fis the carrier frequency in MHz and d is the assumed UE distance in km.

- Effective Isotropic Radiated Power (EIRP):

EIRP = SSB/PBCH block transmit power + antenna gain — cable losses

« Reference Signal Received Power (RSRP):

RSRP = EIRP - path loss — additional system losses — calibration loss

« Signal-to-Interference-plus-Noise Ratio (SINR):

SINR = RSRP - noise/interference level
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RAN - Closed-Loop Control Mechanism

Controlling Parameter : SSB/PBCH Block Transmit Power

« Controls the broadcast synchronization signal power of the NR cell.

« Directly affects cell coverage, UE received signal strength, and synchronization performance.

« Used as the adjustable RAN parameter for evaluating closed-loop DTN interaction.
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DTN Realization for 5GC

Data Sources

« Configuration data
(static structure)

* Runtime logs
(signalling events)

« Amarisoft WebSocket API
(UE & session information)

Model Representation

» UE state information
(registration, sessions)

 PDU sessions and
IP allocation

» Slice and traffic behaviour

Interaction (Control)

» Trigger UE attach / detach
procedures

* Modify PDU session
parameters

 Limited configuration
parameter control

High-level representation with limited internal visibility
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DTN Capability Evaluation

Interactive mapping

Intelligence

User experience

Digital twin modeling ~ Mapped to key aspects:

L5 Observability:

L3 W sufficient for network state monitoring

Data Service

Representability:

limited to simplified models

Interactivity:

Trustworthiness supports parameter-level control

Achieved capability: Level 2 (Interaction)

Based on qualitative mapping to ITU-T Y.3091 indicators
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Limitations

ST ST

Limited internal visibility in grey-box platform
Partial observability through
logs/configurations/APIs

No access to internal processing or state
transitions

Limited function-level modelling due to
integrated 5GC

RAN control restricted to high-level
parameters and no fine-grained radio control
UE distance assumed leads to FSPL model is
approximate

Beam management and antenna power

control handled internally

B
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Conclusion and Future work

« Feasible DTN realization using Amarisoft system data
* RAN supports radio monitoring and modelling
« 5GC enables structural and runtime state tracking

« Limited transparency restricts accurate prediction and autonomy

Future Work:
* Implement persistent data storage for continuous monitoring and analysis.
» Integrate advanced modelling and automated decision-making.

« Support higher DTN capability levels and future 6G use cases.
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Q&A

THANK YOU

Anjali Binesh Pavithran Padmanaban
anjali.binesh@stud.fra-uas.de pavithran.padmanaban@stud.fra-uas.de
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