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Summary

This deliverable provides an overview of the technical progress of the ISLANDS MSCA project
during the first 24 months. Full details on the technical activities are reported in D1.4 (reporting
progress related to tasks 1.1 and 1.2), D1.6 (reporting progress related to task 1.3) and D1.8
(reporting progress related to task 1.4).

1. List of Project Beneficiaries and Associated Partners

In the following we show the updated list of the project Beneficiaries and Associated Partners.

Country

CONSORZIO NAZIONALE INTERUNIVERSITARIO | CNIT Coordinator Italy

PER LE TELECOMUNICAZIONI

AMERIKANIKO KOLLEGIO ELLADOS, KENTRO ACG-RC Beneficiary Greece
EREVNAS

CHALMERS TEKNISKA HOGSKOLA AB CHAL Beneficiary Sweden
TAMPEREEN KORKEAKOULUSAATIO SR TAU Beneficiary Finland
ROBERT BOSCH GMBH BOSCH Beneficiary Germany
NOKIA SOLUTIONS AND NETWORKS GMBH & NOKIA Beneficiary Germany
CO KG

WAVE UP SRL WuP Beneficiary Italy
UNIVERSITY COLLEGE LONDON UCL Beneficiary UK
UNIVERSITA DEGLI STUDI DI CASSINO E DEL UNICLAM Associated Partner Italy
LAZIO MERIDIONALE

UNIVERSITA DEGLI STUDI DI SIENA UNISI Associated Partner Italy
UNIVERSITY OF CYPRUS ucy Associated Partner Greece
KARLSRUHER INSTITUT FUR TECHNOLOGIE KIT Associated Partner Germany
ORANGE SA ORAN Associated Partner France
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ORGANISMOS TILEPIKOINONION TIS ELLADOS OTE Associated Partner Greece
OTE AE

SATELLITE APPLICATIONS CATAPULT LIMITED SAC Associated Partner UK

WEIZMANN INSTITUTE OF SCIENCE WEIZ Associated Partner Israel

2. Acronyms

Acronym Meaning

DC Doctoral Candidates

MSCA Marie Sktodowska-Curie Actions

WP Work Package

ISLANDS Integrated Sensing and communication for future vehicular systems - A Network of
Doctoral Students

3. Introduction

Integrated Sensing and Communication has emerged as a pivotal enabling technology for future
vehicular systems, enabling wireless infrastructures simultaneously to support high-reliability
data exchange and environmental perception. The ISLANDS project pursues this convergence by
developing theoretical, algorithmic, and experimental foundations for ISAC under realistic
automotive constraints, including high mobility, dense interference, and heterogeneous
hardware capabilities.

4. Description of the WP1 activities and achievements

Work Package 1, entitled Theoretical and Applied Research, addresses these challenges through
the integration of fundamental modeling, algorithm design, hardware prototyping, and
experimental validation. WP1 encompasses four closely interlinked tasks:

e Theoretical framework development.

e Algorithmic framework design.
e ISAC hardware implementation

Pag.6 ]9



e Testbeds, demonstrations, and system-level simulations.

Deliverable D1.1 presents an integrated intermediate report on WP1 activities and
achievements during Months 13-24. Instead of reiterating the detailed technical results
documented in Deliverables D1.4, D1.6, and D1.8, this document synthesizes their outcomes
into a cohesive WP-level overview, emphasizing progress, inter-task consistency, and attained
milestones. The detailed description of the activities carried out under each deliverables are
discussed in detail in each respective deliverables document.

4.1 Task 1.1 — Theoretical Framework for ISAC

Task 1.1 was dedicated to establishing the mathematical foundations requisite for ISAC
operation within vehicular environments. The activities undertaken during Months 13-24
centered upon unifying radar and communication models, describing fundamental trade-offs,
and resolving spectrum-sharing challenges.

The principal achievements comprise:

e Development of radar-centric theoretical models for ISAC, whereby conventional
automotive radar waveforms are augmented to support communication via backscatter
and reconfigurable surfaces, whilst preserving sensing functionality unaltered.

e Analytical characterization of sensing—communication trade-offs, employing mutual-
information-based metrics and Pareto-front analysis to delineate the interlinked
performance limits of dual-function systems.

e Establishment of constellation-dependent performance models for ISAC employing
OFDM waveforms, correlating higher-order constellation statistics with ambiguity-
function sidelobes, detection probability, and communication reliability.

e Formulation of a QoS-aware underlay spectrum-sharing framework to enable
coexistence between ISAC transmitters and legacy FMCW automotive radars,
incorporating interference-temperature constraints and geometry-dependent power-
control protocols.

These outcomes address several gaps identified in the Description of Action, particularly those
pertaining to unified ISAC metrics, benchmark theoretical models, and vehicular spectrum-
sharing mechanisms.

4.2 Task 1.2 - Algorithmic Framework for ISAC

Task 1.2 translated the theoretical insights from Task 1.1 into practical algorithms suitable for
implementation under realistic vehicular conditions.



The principal activities and achievements encompassed:

e Development of multi-objective optimization algorithms for MIMO-OFDM ISAC, enabling
controlled trade-offs between sensing accuracy and communication throughput via
constellation shaping and precoding.

o Development of distributed and cell-free ISAC architectures, supporting cooperative
sensing and communication in vehicle-centric deployments with multiple access points.

e Development of Doppler-aware detection algorithms, including GLRT-based processing,
tailored for high-mobility vehicular scenarios.

e Preliminary algorithmic frameworks for ISAC with XL-MIMO and holographic antenna
systems, incorporating near-field propagation and mobility-induced effects.

e Foundational frameworks for radio-based localization and SLAM algorithms, exploiting
joint sensing—communication measurements in dynamic and NLOS-rich environments.

These algorithmic advancements demonstrate feasibility under key vehicular impairments,
including Doppler spread, interference, and dynamic topologies, whilst furnishing direct inputs
to hardware implementation and experimental validation.

4.3 Task 1.3 — ISAC Hardware Development

Task 1.3 concerned the practical realization of ISAC through the design and validation of
experimental hardware platforms compatible with existing cellular infrastructure.

The principal achievements during the reporting period encompassed:

e Implementation of a dual-SDR bistatic ISAC architecture, decoupling transmission and
sensing reception to emulate realistic cellular deployments.

e Design and integration of a multi-active multi-passive antenna array, enabling analog
beamforming with a reduced number of RF chains.

e Experimental validation of directional gain and angular discrimination in Frequency
Range 1, compensating for limited bandwidth through spatial selectivity.

e Demonstration of dual-function operation using unmodified 5G NR waveforms,
specifically exploiting synchronization signals for sensing whilst maintaining
communication performance.

These hardware developments substantiate that meaningful sensing functionality can be
achieved using standard sub-6 GHz cellular signals when combined with appropriate antenna
and system design.



4.4 Task 1.4 — Testbeds, Demonstrations, and Simulators

Task 1.4 focused on validating ISAC concepts through experimental demonstrations and system-
level simulations.

The principal achievements encompassed:

e Successful over-the-air FR1 ISAC demonstrations using 5G NR signals, achieving
significant SNR gains through directional transmission and bistatic reception.

e Experimental confirmation of target detection and coarse angular localization without
waveform modification.

e Extensive utilization of an open-access LTE-V2V system-level simulator to evaluate
resource-allocation strategies under realistic vehicular mobility and interference
conditions.

e Comparative analysis of centralized and autonomous scheduling, highlighting the
benefits of coordinated resource allocation for reliability and scalability.

These activities provide a critical bridge between theoretical design and real-world vehicular
ISAC operation.

5. Conclusions

During Months 13—-24, WP1 achieved substantial progress across all its tasks, delivering a coherent
set of theoretical, algorithmic, hardware, and experimental results. The activities reported herein
demonstrate that ISAC is feasible under realistic vehicular constraints and that meaningful sensing
capabilities can be extracted from standard communication waveforms. The strong alignment
between theory, algorithms, hardware, and experiments establishes a solid foundation for the
second phase of WP1. Future work will extend the current frameworks to denser multi-node
scenarios, multi-target environments, and larger-scale deployments, thereby further strengthening
the role of ISAC in next-generation vehicular systems.



