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Summary

MiFuture held its 2026 Annual Project Review Meeting from 11 to 13 March at the
University of Coimbra, gathering all partners and doctoral candidates. The first day
focused on reviewing project progress, including research achievements in 6G
technologies, and planning upcoming activities across work packages, training, and
dissemination. The second day featured a cross-disciplinary entrepreneurship session,
combining theoretical insights with group work on innovative business ideas. The event
concluded with a joint workshop with the COST 6G-PHYSEC group, including keynote
talks on positioning and physical-layer security. Overall, the meeting fostered
collaboration, knowledge exchange, and a strong, forward-looking research and training
environment.
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Day 1 - Project review and work package planning

The MiFuture meeting in Coimbra opened on 11 March 2026 with welcome remarks by
Marco Gomes from the University of Coimbra, host and organiser of the event. Ana Garcia
Armada, MiFuture Project Coordinator, then welcomed all participants, presented the
agenda for the three-day meeting and celebrated the 30th anniversary of the MSCA
program. The meeting was held at the Department of Mathematics of the University of
Coimbra Representatives of all beneficiaries attended, together with all 15 Doctoral
Candidates.

The first session provided an overall review of the project’s progress to date. It covered the
main management and coordination aspects, including recruitment status, document
management, internal procedures, management meetings, deliverables and milestones.
The session also highlighted the main research achievements already obtained across
the project, such as progress in smart repeaters, cell-free distributed MIMO, OTA and
measurement, positioning and channel parameter estimation, OTFS/ISAC signal
processing, SLAM and sensing, AI/ML methods for sensing and positioning, and the study
of fundamental performance limits.
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In addition, the session reviewed the training dimension of the project, confirming that
Career Development Plans are already available for all Doctoral Candidates and reporting
on the completion of several network-wide and transversal training activities. Feedback
collected from the DCs showed a very positive overall assessment of supervision and
training quality.

The second session focused on the future activities for WPs 1 to 4. It addressed the next
deliverables and milestones planned for 2026 and 2027 and discussed the research
objectives to be pursued in the coming phase of the project. The session also examined
the balance between academic and industrial periods, the organisation of secondments,
and the students’ perspective on these experiences, with a view to ensuring that
upcoming activities remain well aligned with both the scientific goals of the consortium
and the training needs of the Doctoral Candidates. This part of the meeting served mainly
to structure the forward planning of the work packages and to prepare the next
implementation steps.

The third session was devoted to the upcoming activities for WPs 5to 7. It reviewed future
deliverables for 2026 and 2027, as well as the next planned schools, including activities
related to standardisation, 6G vision, and diversity, inclusion and gender issues. The
discussion also considered the evaluation of the training programme and the feedback
received from the DCs, which pointed to the need for more intensive face-to-face
workshops, more hands-on technical content, greater interactivity, and stronger industry-
oriented perspectives. In the area of communication, dissemination and exploitation,
several concrete proposals were presented, including participation in policy-related
events, the preparation of a MiFuture policy brief, the production of audio-visual training
materials, the systematic release of data and code repositories, annual press and media
actions, outreach activities for European Researchers’ Night and Science Week,
initiatives to promote STEM studies among women, and participation in technology
festivals. Overall, the session helped define a more structured and impact-oriented
roadmap for the next phase of the project.
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Day 2 - Horizontal Session

On the second day, a cross-disciplinary training session on entrepreneurship took place.
The session was delivered by Professors Pedro Sebastido, Rui Ferreira, and Ana Fonseca
from Audax ISCTE. Following a theoretical introduction to topics such as technology
transfer, development phases, higher education and companies, innovative start-ups and
spin-offs, and multidisciplinary knowledge, the students took partin a group workshop in
which they were asked to propose an innovative business idea. Each group then
presented its proposal, which was discussed and commented on by the lecturers.
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The day concluded with an engaging guided tour for the joint MiFuture and COST group
around the university and the historic part of the city, followed by a gala dinner at the Hotel

Quinta das Lagrimas, where participants also had the opportunity to enjoy an authentic
fado performance.
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Day 3: Joint MiFuture-COST 6G PHYSEC Technical
Session

On the third day, a joint workshop session was held together with the COST 6G-PHYSEC
group, bringing together researchers and students around key topics in wireless security,
positioning, and future communication systems. The morning opened with two keynote
talks: Elena Simona Lohan spoke on Interference Resilience in Satellite-Based
Positioning, addressing threats such as spoofing and jamming in GNSS systems, while
Stefano Tomasin presented Opportunities and Challenges for Physical Layer Security in
Wireless Networks, highlighting the growing importance of physical-layer protection in
future wireless standards. This was followed by a special session on physical-layer
security for next-generation body area networks, focusing on the ETSI SmartBAN
approach.

Brief reminder on block diagram of a GNSS
receiver

* Main stages {front-end, Q domain, post-processing domain) are valid for any satnav
receiver

+ Understanding these stages allow a better understanding where to combat
interferences!
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In the afternoon, the students had the opportunity to present their doctoral research

projects during a poster session (see the Annex for the posters).
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Overall, the meeting proved to be highly productive and enriching for both students and
supervisors. It provided avaluable opportunity to meetin person, strengthen connections
within the network, exchange ideas, and learn from a wide range of inspiring and forward-
looking topics. The combination of academic discussion, interdisciplinary training, and
informal interaction created a particularly stimulating environment, reinforcing the
collaborative spirit of the project and leaving participants with a strong sense of
motivation and optimism for the next stages of their work.
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Non-coherent MU-MIMO outperforms
MMSE under high-mobility conditions

Rubén de Miguel Gil and Ana Garcia Armada,
Universidad Carlos [Il de Madrid

Ultra-massive MIMO systems based on coherent demodulation face several challenges, specially in high-mobility scenarios:
* Prohibitive reference signal overhead for tracking rapidly time-varying channels.
* Higher numbers of users require higher numbers of pilots.
* High computational complexity required by the best performing coherent schemes (e.g. MMSE).
* Non-coherent schemes mitigate the previous issues but have problems multiplexing high numbers of users.

Non-coherent MIMO

Differential modulation Ray tracing simulations confirm beam coherence times

. - to be greater than channel coherence times[1].
Encodes symbols in the differences between » Spatial filtering can significantly boost non-coherent

ransmissions. ) MIMO performance[2].
Only needs the channel to be (approximately] constant * Good BER scaling with increasing numbers of antennas.
during two conFigugus J_:hannel Uses. * Angular processing allows for scalable user multiplexing.
No channel estimation is needed. * No complex joint constellation design required if the
Coding Dacoding user multiplexing is done in the angular domain.

el w) = 2 (n v — Dealin v) 2 (1) = ¥0 (0,0 = 1y v) * Low computational cost due to the lack of matrix
inversion operations.

* The higher the mobility, the bigger the performance gap
between coherent and non-coherent schemes.

Angular domain processing
The coherence time in the angular domain is larger than
in the time domain[1]. 5ome techniques exploit this:
* Hybrid processing: combines coherent equalization
with differential coding.

* Peak selection: reduces dimensionality and allows the L e e i
use of more advanced technigues (e_g. BSS). I
« Spatial filtering[2]: combines legacy non-coherent

averaging with a spatial filter.

T = -
US?” | Ve 3 * Study solutions for NLOS channels.
JUser? | * Increase tolerance to spatially correlated channels.
* Testing and implementation (Keysight collaboration).
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DCO03 - Positioning Techniques for mmWave D-MIMO Systems

Introduction

Accurate positioning is crucial for 6G applications such as mobility and
location-based services. However, in dense urban areas, GPS is often
unreliable due to blockage. Millimeter wave (mmWave) distributed
MIMO 1s promising because its wide bandwidth enables high time
resolution and accurate time of flight (ToF) ranging. In outdoor urban
areas, the downlink signal is frequently non-line-of-sight (NLoS) and
affected by multipath reflections. So. each access point (AP) and user
equipment can transmit nultiple paths with different delays. angles, and
received power. If a wrong path is selected. the comresponding range
measurement becomes biased. These inconsistent ranges across multiple
APs significantly degrade the localization accuracy. This motivates a - 2 o
robust path-selection and range-fusion approach for reliable downlink Fig.1: Outdoor Urban Scenario
localization in urban multipath environments.

Scenario and Methodology

| Fay Tracing Simulstion (Slonns AT)
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Fig 2: Workflow chart

Experimental Results
= We consider carmer frequency 28.2 GHz
= 8x8UPA 08
= 5APand 1 moving UE
= Monte carlo 500

= ToF-based WLS achieves lower o
localization error than AoA+ToF across
all three frames. 02

= Earhest path selection is more reliable
than strongest, since the strongest °4%
component can be a reflected path.
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~ 3 = 3
10 13 20 2
Lecalzation ermor [m) Locakzaton emor Iml

Fiz4: CDF vs Localization error for earbiestmode  Fiz. 5t CDF vs Localization arror stronzest mode

as

Research Group and Acknowledgements

DC03: Mobd Adnan This project has received funding from the European Union’s Horizon Europe research and
Man Superviser: Professor Adzo Silva innovation programme under the Marie Sklodowska-Curie grant agreement No 101119643,
Co-supervisor: Professor Rui Dinis ultra-massive MIMO for fusure cell-free heterogeneous networks (MiFunure).

Industrial Supervisor Dr Lukasz Krzymien

f universidad



MiFuture

Newsletter

Frequency-Estimation Methods for OTFS Channel Estimation
Omid Abbassi Aghda | o.aghda@campus.fct.unl.pt

Advisors: Jodo Guerreiro, Muno Souto, Michal Szczachor, Rui Dini
Instituto de Telecomunicacdes (IT) & Nokia

Motivation ~

*  Long-distance and high-mobility communications (LDHMC), 3 key 65 use case, require new modulation schemes.

* OTFS has been introduced to address these challenges

*  Accurate channel estimation is essential.

* The channel is modelled in delay-Doppler (DD) domain.

* To acquire the full channel, we need to estimate the delay, Doppler, and gain of each path between the transmitter and the receiver.
* In practice, the true delay and Doppler values do not align with the sampled grid.

*  This misalignment introduces fractional delay and fractional Doppler components.

*  Existing state-of-the-art channel estimation methods for handling these fractional parameters are highly complex.

1. channelimpulse response along Doppler 1. Complexity
* The trus channel impulse recponze exhibits 2 periodic
sinc-like behaviour along the Doppler domain.
The channel observed at the receiver is & sampled version of
the Doppler-chifted periodic sinc function.

Tkl | Mok of complis

Algoritlim Pumber of comphes muiplicstkons

[y

2. channel impulse response
along delay
&  similar  sinc-shaped
response appears along

the delay axis, with 3
minar approximation ° 2.
differences.

3. Estimation Goal
* The pgozl iz m
estimated the

Doppler value K; out Fipen 1 Doppler-domain  chanmel

impubhe mpcnse and the wrmponding
asmpled reapomoe asen st the recebeer.
channel Doppler shit iy = 32

. S

W R Tm———

1. Frequency Estimation Problem

Duzmher ik

of the sample true

*  'We ohzerve samples of £[1] = 5in izﬂ'ﬂlri:l + wn]

*  The goal is to estimate f = h—;’f;. whare i, is the integer
part ard Kp € [—0.5,0,5] iz the fractional part .
*  The frequency-domain representation 5[k| = DFT{z[n]}
exhibits the same periodic sincike shape shown in Figure 1
2. Method to estimate frequency
= Dnesuitable method is the ARM astimator [1].
It first determines the integer component k; by locating the
peak of S[k], and then appliez the low-complesity ASM
algorithm to obtain the fractional part Kp.
3. Doppler and Delay Estimation in OTFS
= Since the Doppler and delay estimation problem in OTFS has \._ _,-'/
similar formulztion to the classical frequency estimation - I
. 1] httgac,f ol o’ 300, 12800 TS P 2008 B4 4 F19
problem, the same spproach can be extended to estimate 3] it ek g 360 L 360 AT 3022 3136
OTFS channe! parameters. 31 h-eun,,',-:d-_i.:ug."_ul'_JJ,'LL\\wu-ups."_&_'..'u.'s LIS Py
*  Itis important to note that, in OTFS, the estimation must be I‘:} :x::::;::i:ﬁ::x':'; ji’f’z
performed in two dimensions.
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EXTRACTING SITUATIOMAL AWAAENESS IN 66 CELLULAR SYSTEMS: RoBusT EKF-SLAM APPROACH I:
Ariale Sapienzat, Ossi Kaltiokellio!, Jukdke Takiliet, Feliia Ban Slemad, Elana Simona Lohant, Milklo Valkemat D Iul
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Gaussian Process-Based Extended Object Estimation for 6G ISAC at

imeter-Wave Frequencies
M. Ertug Pihtili' Cwsi Kaltiokallio" julia Equ? jukka Talvitie! Elena Simaona Lohan' Ertugrul Basar’, and Mikko Valkama'

"Mampere Wirsless Research C:rrh:f Electrical Enginesring Unit, Tampers University, Finland
2Er

Mativation & Introduction

sirg 2

extenged abject mensing
® Extended object: An abject that generates muliple resohable m

ncdividually dist
u zap in the literature: Experimert
m {EQE) ini practical 1SAC sc

Thiz work propeses and wvalidates a Gaussian Process (GPFbased EOE method
using 5G NR standard-compliant bistatic sensing measurements at B0 GHz and
400 MHz bandwidth, svalusted for both mapping and SLAM scenarios.

Bistatic Sensing System Model

a known TX
bz known [map

Prx

Ll J'\-h'-

parameters & = [T f &7 (ToA, AoD, AoA) are extracted and used to esti

poirits {1Ps) f

GP-Based Extended Object Estimation

Step 1: Clustering IPs with DESCAN

w, I dencte the duster certers, and M, = [I]

Sr.up 2 GF Regression for Shape Estimation
ataset T

. rf]"] s & a (5P that maps polar angles to

SO~ G}, ki, 8] @

d i modeied
g anput-owiput ek

orvex shape with 2z

o

Step 3: Hyperparameter Optimization

Hyperparametes
marginal lfkedi

and mean p ane lex

A = o P of by maximizing the: log

logpir | p, & o 'Ky — ko K| - #log =

he predictive mean and variance for new test anghes &, give the estimated
our and urcerta

Funded by EL Horizan Furape MSCA MiFuture (Grant No. 1077156430

icsson Research, jorvas, Finland

AF = G Ny TP TS LI G
(LS b B g e

Experimental Results: mmWave Measurements

Measurernent Setup (Tampene University, Campus Arenalk

= TX transmits OFDM PAS; FX collects bexmfiormed signals alnnga trajectory.
® Bath TX and RX equipped with 4 = 16 uniform planar arays (UPAs]
® Environment: large indoor space with pilllars (dreular cross-section]) and walls.

DESCAN yields 7 diusters: dusters 1, 2, 5, & 5 walks; dusters 3, 4, 6 — pilars.

Tadictad radil

Figura 3 GP-Dased BOE resul for T mimiase SLAM soenanio.

Key Findings

ucted even from partial comtours due to

midly varying rad

armance remains con rpu"' I|- ndicating robustness
= Cum:m@e lirmitation: A single TX-RX pair observes
E M OWE Mecor chon

nly pa urs; multiple

Conclusion

s, E

her than only point pas am bistatic NLoS

HPLDC‘ which cani s
performance.

MiFuture Technical Session. Colmbra ertug. piltill@tunLi
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Learning-Based User Scheduling for Al-Native Ultra Massive MIMO

Systems
Masoumeh Jamshidi | mjamshid @ing.ic3m.es
Supervisor: Professor Ana Garcia Armada | anagar@ing.uc3m.es
University Carlos 11l of Madrid (UC3M)

P Votivation | N

*  Massive MIMO enables simuitaneous transmission to multiple users via spatial multiplexing.

*  User scheduling is required to select a subset of users in each time slot.
*  Dptimal scheduling via exhaustive search becomes computationally prohibitive as the number of users inareases.
* Greedy algorthms provide practical solutions but still incur significant complexity in large-scale systems.

*  Machine leaming offers a scalable approach to approdmate scheduling decisions with lower computational cost.

\ PreliminaryResults N

1. Baseline and Data Generation 1. SINR Performance Compariscn
* Implement z greedy user scheduling algorithm as a » The proposed ML-based scheduler is evaluated agminst the
practical baseline and use its decisions to generate greedy baseline.
labeled training data for learning. = Simulation results show that the ML scheduler achieves SINR
performance dose to the greedy algorithm.
2. Leaming-Based Scheduling =  The Ml-based approach significantly reduces computational
= Trmin 2 supervised machine leaming model to runtime compared with the greedy scheduler.
approvimate the greedy scheduling policy and predict * The leaming-bazed method efficiently scales to scenarios with
which uzers should be scheduled baszed on channel a large numbers of uzers.

and interference features.

3. Performance and Scalability I . I

=  Evaluate the proposed ML scheduler against the
greecy baseline and analyze its scalability compared

with computstionally expensive approaches such as |
exhzustive seanch.

Figum 1: Scheduled Users Figura 2: Lher-whie imPaticn learning
r(.v—- training

1. Problem For ti 1. Training Performance of the ML Scheduler
- prozem FormuiEtion *  The training curves illustrate the evolution of training

= The wser scheduling task is formulated as a binary - . X
classification problem, where the objective & to and validztion loss across epochs during the learning

determine whether a user should be scheduled for proCcess.
transmission based on its channel and interference * The dedeasing loss indicates that the neural network
characteristics. successfully leamns the greedy scheduling policy.
2. Leamning Strategy =
= Asupervised imitation learning framework is adopted.
The greedy scheduler serves as & reference policy and ¥
generates labeled samples describing the scheduling Jf{

dedsions under varying channel conditions.

3. Model and Scheduling Policy f
*  Aneursl network model is trained to spprocimate the =
greedy scheduling policy by learning the mapping .
between uzer features and scheduling decisions. '\_h Fpirn 33 v, S0 _/,J
During deployment, the trained model azsignz 2

scheduling score to each user, and the users with the * This project has received funding from the Europesn Unicn's Horizon Eurcpe nasearch
highest scores are selected for transmizsion in each and innovetion programme under the Merie Skiodowska-Curie grant agreement No
time slot 1041499643, uitr-masive BRO for future ol-res hmmsumnehwks[l.inmﬂ.

* The suthors would like 10 thank Luck de bigue] Ao, Caros Ueda and Cucar Morene:
\\_ J.f Wooafone Inteiigent Solutions {WOIS | for teir vaiuebe fesdoeck and susport.
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Singular value Based Clustering and Access Point selection with Joint

Beamforming and Power Optimization in Cell-Free Networks
Prabhat Gupta | prabhat.gupta@co.it.pt
Advisors: Prof. Marco Gomes, Prof. Rui Dinis & Dr. Akshay Jain
Instituto de Telecomunicacoes (IT) & Nokia Bell Labs Finland

66 networks require uniform Quality of Service (QoS), high Spectral Efficdiency [5E) and Energy Efficiency (EE) in ultra-dense mobile
environments [1]. While Cell-Free Massive MIMO [CF-mMIMO) addresses these needs by using distributed Access Points (APs) to
serve users via coherent transmission, it faces major scalability hurdles [2]. As the number of UEs and APs increases, centralized
processing becomes computationally complex due to extensive Channel State Information [CSl) acquisition and fronthaul demands
[3]. Though current AP selection methods address these issues they refy heavily on Large-Scale Fading [LSF) metrics like pathloss and
shadowing [4]. These methods overlook the granular spatial mnk structure of multi-antenna channels, which is aritical for optimizing
performance in multi-stream environments. For the above KPls to be effective, we need AP selection and resource allocation schemes
that jointly exploit the full eigen structure of multi-amtenna channels and perform interference aware power control under strict
\Eer -AP power and (oS constraints to be energy efficdient and providing high QoS at the same time [5].

s Objectives Preliminary Results

Primary Objective: To maximize the minimum Signal-to- 1. Spectral Efficiency [SE] and Fairness:

Interference-and-Noise Ratio [SINR) in the network, ensuring * The proposed Clustering + Bisection method achieves an
faimess among users while strictly enfording per-AP power approximate 7.7x improvement in median minimum SE.
constraints and minimum QoS requirements [5]. * The method successfully equalizes SINR, achieving the highest
Innovations: Jain's Fairness Index (JFI) of 0.80 [8].

1. Singular-Value-Based Clustering approach for dynamic AP * The Probability Density Function (PDF] shows a sharp

selection that captures the spatial enk structure of channels,
outperforming traditional L5F and graph-based heuristics.

2. To develop a Nested Bisection Algorithm that jointhy
optimizes power allocation, MMSE beamforming matrices

2. Energy Efficiency (EE) and Power Optimization

and ensures faimess.
N J

I Work Plan s

A, Systemn and Channel Modelling:

1. CF-mMIMO downlink model with multiple antenna APs
and UEs, NLOS chanmel with LSF + Rayleigh [7];

2. TDD* operation with pilot based MMSE channel
estimation with pilet contfamination and SE expression
with training cverhead [2],[3].

B. Singular Value Based Clustering :

1. At each AP, performing local SWD of estimated AP-LUE|
channeis and use full singular value matrices as features|
for k-means clustering;

2. Defining Frobenius-norm distance between singular
value matrices, ewxplain elbow-method selection off
number of dusters, and the AP-UE assignment to form)|
user-centric clusters;

C. MMSE Beamforming and Joint Optimization:

1. MMSE beamforming formulation and its SVD-based
simplification to reduce matrix inversion
complexity[2],[7];

2. Formulating the max—min 5INR optimization problem
with per-AP power and per-UE QoS5 constraint,
highlighting non-convex coupling of beamformers and
power;

3. The nested bisection algorithm whers outer bisection is
on target SINR and inner bisection on power vector

with terative MMSE beamformer updates and per-AP
'\\_ power scaling [5].
‘msprmmmmmmr\smmepmmm HOTBG'MEJIIP!M

and inrosestion :mﬁumzmmmenmm re=mert No
100195643 uHra-massvs IO MManm:musumnmvmmmmmj.

AN

concentration of user rates between 2025 bits/s/Hz,
confirming that the majority of users meet the target Qo5.

It yields a 2.67x improvement in EE ({11244 Mbits/loule]
compared to LSF-based methods (42,66 Mbits/Joule) [3].
AP selection using dustering minimizes spatial leakage and
reduces the computational load on the CPLUL
Bizection algorithm dymamically lowers power to reduce
interference, enhancing system scalzbility.

. Pilot Contamination
Under pilot contamination 1'1:?, = 15) while median performance
drops by ~&7%, the optimized framework still maintains higher
fairness than unoptimized heuristics [11].

W b
Figura 2 POF of every UE bn e network

¥ i l ]
i |
1
1]
figura & Misimurm Fipsre & Temmibed Power from the
¥ scrca differest AP o chisteringsbbection, -/J

Figurn 1. CO5F of rinirsern SE
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Collaborative Radio SLAM

Radovan Juran %2  Ossi Kaltiokallio 2 Julia Equi 2

Jukka Talvitie 2

Elena Simona Lohan 2 Mikko Valkama 2

'Tunpef: Wirsless Research Center, Electrical Enginesring Unit, Tampere Unisersity, Tampers, Finland
*Department ol'T:I:l:l:I'rl'mnIl:.utl:lrn. Brro Univrersity of Technology, Briva, Coech Republic
IEricsson Research, Jorvas, Rinland

Bridging Communication and Sensing

Positioning and tracking of non-connected objects for vehicular safety
with millimeter wave frequencies

Future conmected wehices requine precise situational swareness [1, 2, 4]
Urbam trafic dersities anr!a:hq:tnﬂ,tﬂlwﬁdulhn"ﬁLmhreprmnmti\m

Pﬂwurbmmﬁu:midmmidﬁﬂurﬁ[ﬂ Such emdronments consist
of heterogenecus traffic (connected and urkonnected vehides) [B 71

s the prapartion of connecied vehickss increases, dense traffic becomes a natural
enabler of collabor ative radio SLAM (Sgure 1

» more cooperating LIEs — Langer jointly explored area,

 shared observations — richer sensing,

= increased information — reduced estimation uncertainty.

This creabes opportunity for a scalable collaborative lomlization and mapging,

Improving Radice SLAM via Information Sharing

% scattering poink
i

urconneci=d
wehicie
soaktering point

wehicie [UE) 1

‘What are the fundamental performance limits of collaborative SLAM?

Simulation Environment

b

(4 Glohal map view wih T relerence wajeoony

) Zodsmad-in cerial] om 3 planoon o

i 1N g 7, tha N ndmarnks
arting fromiw] )t w],

TocsEs HH)

analytical me

Fundamental Accuracy: Posterior Cramér-Rao Bounds

The Posterior Cramér-Bao Bounds (PCRB)

The best achievable estmation accuracy given sysbem dynamics and measure
RS, Ssuming:
Pz 0! (1

where Iy is the pasterior Fisher information Matrix (FIM)L Employing the recursive
formulation of the posterior Ak [B] the bound evobe as

o= (Fe X FT 5 Quf "+ E!'I-L. @
nl_‘_ .

where Fy is dynamics acobian, Oy process noike, Hy meazurement fscobian,
H, meaxuremeant noise, and 1, the posterior AL

Evaluating the Achievable Performance

At each time step k, the limits are extractable from AM for position emar bound
(PEE}, heading error bound [HEEL dock emor bound (CEB) and landmark error
bound {LEE]) for the mth of the M u=er equipments (UE=).and nth landmark as:

Y T T e @
HEBE = /T Tensl. @
B — 10, s 5

T3~ T P o P )

inwhichi = djm— 1jand § = 48 &+ 2{m— 1.
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End-to-End Experimental Validation
of RIS and Passive Reflectors in mm Wave 5G Systems
Jofio Ferreira'=, Ansgar Lefmann’, Carles Navarro Manchén,!,

AN KEYSIGHT

Dominique Schreurs®
! Keysight Technalogies
2K Lenwen

Introduction

Millimeterwave [mmWave) 56 links offer lurge bandwidth but suffer from severe path koss and frequent blocknge, leading to covernge gaps in non-line-
of sight conditions Reconfigumable Intelligent Surfaces (R15) and pasive reflectors (PR) can redirect energy to mstore connectivity. In this work, we
connect laboratory charactermation to live network field trals by perfonming an assssment of RIS and PR pedformance in a controlled emvironment.
Scattering, link quality and sensitivity analysis and conducting feld trials considering challenging NLoS for RIS and PR

Measurement setup _

Controdled charnctorizntion: RIS and passivc m-

Moctors (PR} Ane moasund i a modifod COmpact an-
WTNA WL range (CATH, IFF-NF) amechoic chamber,
enabling repeateble angh sweeps and widehand cap-
tures with conerollod podarizason and gommetre

HPEW: HPEW(f] = of () — o ounl(f]
Painting arvar: 880} = et () — g
_ ¢ Pl 1%
[ R— fon:  HERY 10l . | Lo
pac. Buprmns i sl By )
BB bandwidth: HWan = fa — fu
n — |
EVM: EVMpus .—“M
¥ Tl
ACPR: ACPR = 10legss 1

U’.-... ’

Field Trials setup — R

Formario A

Somaric B

A-:memledgements__

This progct has receiwd Mmmding from the Furopean
Unioa's Hormon Porope roscarch ad inmdmmiion pro-
pramme under the Marie Sklodowska- Cure gram agros-
ment o 100115643, ulura- masive MIMOD for hnune ol
Erog helerigenoous nemorks | MiFuens).

Scattering behaviour _

The asssmed mmWewe link is governed be the surface englo-froquancy scattaring responsce chanpes in an
iz requency shafl the main obe and spacular lealkagpa, direcly aflEcling guin/SNR anxd s EVMSACLR

i

E__'

e

i i

. ! 2 b
SE=iY o=

e B, i e
Reflechion poiiom oo angles
(MPEW & an)

[y
Angle- frequency roapones (HW o | Mua lnbe in l:pnnl-u- ke _*.‘?.'I

Signal Quality and Non-Linear behaviour _

[ DUT [y [#in | C. Gain|EVM[ACPL|ACPU|

RS A |20 [P 481 [ 0.45 [ 4375 [ 4515 | - T v
“[457|0° | 4664 | 269 | 3209 | -3L41 | ; !
ris pl20°[0°] 4873 | 372 [-36.05 [ -3472 R S
45°|0°| 4888 | 408 [ 3007 | 2008 | |
RIS o 20 |0° | 5L65 | 570 | 2674 | -26.23 Sl L
157 [0° | -52.48 | 5.80 |-26.10 | -25.42 A

EVM versus mr;'ur_qnm - AM L

EV M Gollows CRETHIT &AM [SMA-Emied tmaed), SURRCEing LAk th couninant iMPasnnei i the lank Dudpet recher
chan device induoed nonlinesr distortion. This also evplains why small poincing ermors (reducing gain v o bw dB)
vranslawe o vissbie BNV M degradacion

Sensitivity analysis and field-trial results R

-

-

od “IEnrmermon Loss 4B

I
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: et
Asiwrh Rrdsction Aught B 7 i
Himulation of Fomaria A: Mualigned RIS w Almed RS _ =] = =
g5 - : —
= . T

435023 0 025 03 1 15
Pilative Distan: {

Fuidd el in Scenario B: mproenistse NleS

comjiguration for saidation Frogueacy HHe

Senmimiy endyne: gan dlﬂ"qdn.nr.m wnder amall engua
pert mrbatioma.

Boh RIS and passive milecuors ame highly sonsitive to subdagroo misalignment. Scnaro A (onger dissances,
sigfver anpular wieranoe) s whe wsized pach unier opan-loop pointing arrors, whik Scenaric B (shomer range,
favorabie poomenry) prowides smough slignment margin o observe 2 repeatable RIS impact.

Conclusion R

This work prowids an end-vend experimental validation of RIS and passiwe refleciors for mmWaee 50, Enking
comrolied chamber characlerization w widehand signal-qualiy measurements axd Mokl wrial observatons.
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Partial Relaxation for Near-Field Channel Parameter

Estimation: Algorithms and Cramer-Rao Bounds

SPCOMNAV
{_'__,-—""

- UAB

Unnersitat Autcnama
g Bargeiona

+ Large antenna arrays in 5G,/6G systems may place
users in the radiative near-field region, where the
conventional far-field plane-wave assumption no

longer holds.
Far-Field Mear=Field
Spherical waved
Antonnn array Fimmar waveimmes XL Ambenma rray e
: — Y
c— 0 =
! — wad
Angle information Angle + distance inlormation

Mohammad Abu Agoulah', Gabor Fodor?, Gonzalo Seco-Granados’
SPCOMNAY research group, School of Engineering, Universitet Autonoma de Barcelona (UAB) '

Problem statement

Proposed Methods and

Performance Bounds
PR-based Algorithms
= PR-ML: assumes known pilot symbols and estimates
the user parameters via likelihood maximization after
interference projection.
= PR-CF: operates without pilots and estimates
parameters using covariance fitting.

Performance Bounds

* PR-CRB, / PR-CRB,: Cramér—Rac bounds derived
under the Partial Relaxation framework for the
known-pilot and unknown-svmbol cases.

Partial Relaxation Concept
W= il e hy o b
e (1, 4 Nekxzed misrterercs
Targaei usar
0T [ [
N
i i i i i i
1 Reiacsa | | e | Iy
| i | i : i
T N B W
LY L) h; oy

Esliniiia v L () Lt iV s oo Lo /Ui ol ik LYWLl s i

Conclusions

= Proposed a Partial Relaxation framework for
multiuser near-field parameter estimation.

= Developed PR-ML and PR-CF estimators with
comesponding CRE bounds.

= The proposed methods outperform 2D-MUSIC
and approach their bounds at practical SNR and
snapshot levels; future work will extend the
framework to incorporate NLOS compaonents.

Acknowledgement

Ericaszon Research, Stockholm, Sweden 2

We conzider @ multiuser uplink scenaric where a base station employs an N-element
Uniform Linear Array [ULA) and collects L snapshots from K users located in the radiative
near-field region. Each user k is described by a distance—angle pair [dy, $,) measurad with
respect to the array reference point. BE

Received signal model [£-th snapshot): (0,9

(2er0) (Hp. 1)
ULATSEE  hyfde. de)

y[€] = VP HDs[] + w[{], “‘E\\% ‘ "a\u_%n'
s | Y
H : near-field multiuser channel matrix. user I u o
s[£] : transmitted symbol vector. n]
D - diagonal matrix of per-user phase
offsets.

w[€] : additive complex Gaussian noise. [users fie in the radiative near-field, i.e., at distances
P, : transmit symbol power. between 20 [twice the array aperture] and the
Fraunhofer range Rg.

Experimental Results

= Performance is evaluated in terms of NMSE for near-field multiuser channe! estimation.
= As a baseline, we consider 2D-MUSIC [Two-Dimensional Multiple Signal Classification).
= The proposed PR-ML and PR-CF are compared with 20-MUSIC and their corresponding
CRB bounds.
* PR methods outperform 2D-MUSIC across the SMR range and approach their bounds
with fewer snapshots.
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[1]1 M. Abu Agoulah, D. Gorginoglu, G. Fodor, and G. Seco-Granados, “Partial Relaxation for
Near-Feld Channel Parameter Estimation: Algorithms and Cramear—Rao Bounds," accepted

for presentation at |IEEE International Conference on Communications (ICC), 2025.
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grant agreement No 101119643, ultra-massive MIMO for future cell-free heterogeneous networks {MiFuture).
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A measurement-based analysis of repeater
& assisted cellular massive MIMO channels
LUND

UNIVERSITY ALEXSANDAN BIRMANCEVICT, YINGIIE XUT, SARA WILLHANMANR", FREDIIK TUFVESSON®
) TDEPARTMENT OF ELECTRICAL AND INFORMATION TECHNOLOGY, LUND UNIVE RSITY

L o

Abstract

Repeater-assisted cellular massive multiple-input multiple-output (MIMO)
has recently ganed attention by showing the potential to improve the
performance of cellular massive MIMO, approaching that of distributed
MIMO.

A measurement campaign has been carried out in an indoor environment
with a co-located massive MIMO array. and for dfferent scenarios with four
single-antenna users in either ine-of sight (LoS) or non-LoS (NLoS). and for
various multi-antenna repeater deployments.

We analyze and compare the channel charactenstics and power
distributions, with and without repeaters, providing nsights into real
channels for repeated-assisted cellular massive MIMO systems.

Measurement Campaign

A mobile robot with 4 antennas represents a group of closely-spaced UEs.
The UE antennas were configured with vanous orientations to capture
polanzation diversity. The robot traversed the room, exhibiting dynamic LoS
and NLoS propagation fo the BS and repeaters.

« Camier frequency: 5.67 GHz

+ Bandwidth: 400 MHz

+ Number of UE antennas: 4 (single monopole antenna) Performance Evaluation
« Number of repeater antennas: 64 (16 antenna ports, 4 panels)
« Number of base station antennas: 64 (16 antenna ports % 4 panels)

+ The measured absolute channel gain of the top left
UE to the BS n duration of 10 seconds was
analyzed.

« The UE - BS link without the contribution of RPs
(upper figure) and part of the repeater’s link (RP's
antenna port to BS, lower figure) in NLoS
conditions are given.

R~

Conclusion

The needs for the coverage improvements and capacity increase in the
indoor scenario was identfied. The measurement data am to show
how does the positions and onientation of UEs affects the channel Contact

gains with and without repeaters involved.

Almocerde S ranceec
Lusd Universty, Sweden
weloande brrsnceveel th s
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Machine Learning-based Environment Awareness
for Enhanced Communication and Sensing

PAUL BERESTESKY, OVE EDFORS [Academic Supervisor)
Department of Electrical and Information Technology, LTH, Lund University, Lund, Sweden

LUND

UNIVERSITY

Objective

L

[ ——

To address environmental awareness using machine
learning (ML) in an approach based on a combination of
offine prior knowledge, €.9., model-based ray tracing, and
information gathered during operation, e_g., measurements
between base stations (BS) and user equipment (UE).

Map data will be used to produce an initial model of the
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local environment, which may be further refined using (5]
measurements collected as part of an initialization g —
procedure. Adjustment of the model will continue using = "“"I‘r:l;l'aT"\‘“ ““““"}‘r;l‘n‘l'n:;““““"
operational traffic between BSe and UEs. ML methods will be ':E Estimate Data
employed in implementation of the model, which can be used &2
fo more effectively direct communication and sensing = ML-based
actions within the network. rresrreses nvironment
— =7
Benefits of Approach g Model

Availability of prior environmental knowledge reduces or Additional |

ATplS

Chamnal
eliminates the need for determination of channel state for =L Sognalng | : In
each new connection and frees timedine from channel "l@‘ s
sounding acfions. The cost from such actions in an B S S,

=

UmMIMO system with large dimensions becomes
significant and burdensome.

More effective than using simple geometric assumptions,
e.g., direct pointing of beam based on endpoint location vs
accounting for occlusions or altemate non-direct paths.
Achieve what cannot be achieved with training alone, eg.,
dealing with non-cooperative nodes such as malicious
eavesdroppers of mapping reception "dead zones"

Challenges

The environment model must contain channel information in some useful form ranging from codebook index to full list of
weights across all antenna elements. It must hold information for a set of coordinates across the 2D or 3D space that it
covers with adequate resolution and may allow for lock-up based on UE position alone for BS-to-UE links or on two
arbitrary positions if UE-to-UE links are to be supported. This translates to a very large amount of information and
strongly motivates the use of ML to implement the environment model.
Project Methodology
* Develop and test algorithms using environmental data sefs from a range of sources:
* Low fidelity, simulation outputs: Finite-Difference Time-Domain for truth, ray tracing for environment model
initialization source. Generated at will. Allows for full control of initial leaming studies.
* Medium fidelity, real measurement sets: real data collected in simple small-scale scenanios, limited number of
antenna elements, moderate volume coverage. Relatively low-effort data colleciions.
* Higher fidelity, real measurement sets: real data collected in more elaborate large-scale scenanoes, greater number
of antenna elements, large volume coverage.
* Investigate variations in multiple aspects of the problem, for example
* ML approaches and architectures
* Channel informalion types, e.g., beam direction vs full set of antenna element weights
* Practical details, e.g., fraining in operation
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Abstract

Maintaining stable links in high-mobility scenarios is challenging for TDD-based gigantic MIMO systems,
where rapid channel variotions—especially under NLOS—quickly degrode reciprocity and beam

alignment.

This work proposes a UE beamforming strategy that preserves link robustness without requiring extra
pilot overhead by aligning the UE's directional beam with its travel axis. This movement-aligned
beamforming minimizes the Doppler spread, directly increasing channel coherence. Simulations in
scattering-rich cmWave environments confirm that travel-axis beamforming improves SNR stability, and
reduces CSI-update demands, making it a promising technigue for future high-mobility systems.

System Model
A scenario (Fig.1) with Ny antennas at the UE,
Ngs antennas at the BS, and Ny scatterers is
considered.
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Fig. 1. Scenario under consideration
The receiver narrowband vector ot the BS is:
v = H(t)wygs +n,
where s is the transmitted symbel assuming
single-layer transmission, wyg is the UE
beamforming vector, n~CN(0, Nyl ) is the
noise vector, and H(t) is the NLOS channel
matrix given by
H(t) = Hydiag(a(t))H, (t).
where H, (t)is the time-varying channel matrix
between the UE antennas and the scatterers,
H, is the fixed channel matrix between the
scatterers and the BS antennas, and a(t) is an
Ns¢ sized vector containing the complex
baseband respond of each of the Ny scatterers.
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UE beamforming

1
WUE = ﬁaha{ﬂua )3

being Byg the UE pointing direction

Travel-axis beamforming

The Doppler spread is minimized and makes the
channel vary much more slowly over time,
reducing how often beam updates are needed.

Results
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Fig. 2. SNR while the UE moves along the Y axis
The travel-axis strategy maintains a relevant

more stable SMR level over a longer distance.

BS Beamforming
Wasyue = hest/|lhest|,
where hegt = H{(0wyg, is estimated att = 0.

The resulting combiner maximizes the
post-processing SNR at the BS.
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Conclusions
By aligning the beam with the UE trojectory, the
temporal evolution of the channel is more

stable, reducing the need for frequent channel
updates while maintaining reliable

communication performance.




