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• Tested under InF scenario, which is cluttered environment
with high density of metallic machinery

Fundamental limits of localization accuracy

• NLOS conditions: NLOS signals do not contribute since their
delays are corrupted by the unknown biases

• Bandwidth: RII is proportional to the SNR and the squared
effective bandwidth of the transmitted signal. Large bandwidth
also improves multipath resolvability (i.e., reduce       )

• Network geometry: EFIM is the weighted sum of the RDM
from individual anchors. Anchors provide one-dimensional RI
along the direction with intensity
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Results

Algorithms and Methods

Spatiotemporal cooperation Geometric interpretation

Soft information (SI)-based localization algorithms
• Measurement vector

• Feature vector
,

• Soft information

• Estimated position

• Machine learning approaches: determine the
relation among measurements and positional features
in complex wireless environments

Location-aware algorithms for communication enhancements
• Location-aware non-terrestrial networks (NTN)

• SI and BI can provide a significant performance gain

Case studies in 3GPP scenarios

�1j

<latexit sha1_base64="Q8d3fk8gHYMVFxsF6KqsNX/u/3o="></latexit>

di,1(p) = ||p� p(i)
BS||2 � ||p� p(1)

BS||2

yi = b⌧i,1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✓i(p) = di,1(p)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="N7/1RdhIYUjoVlA58+bPNQh3rDU="></latexit>

Lyi (✓i(p)) = L⌧̂i,1(di,1 (p))

<latexit sha1_base64="ScnNfo0uXfbs07Pax/VxT9h8ub8="></latexit>

p̂ = argmax
p

NBSY

i=2

L
⌧̂ (new)
i,1

(di,1(p))

b✓1

b✓2

b✓N

SVE Est. Loc. Alg.

SVE Model Prior Info.

{yi}i2N !
(

c✓i
)

i2N ! dp

Ly1(·)

Ly2(·)

LyN (·)

Loc. Alg.

Generative Model Prior Info.

(

Lyi(·)
)

i2N �! dp

Single value estimate-based localization

SI-based localization

≈ 7m gain at the 
99th percentile

FR1 (3.5GHz, 100MHz BW) FR2 (28GHz, 400MHz BW)

0 1 2 3
0

0.2

0.4

0.6

0.8

1

eh [m]

F̆
(e

h
)

DL-TOA: SI+BI

DL-TOA: SI

UL-TOA: SI+BI

UL-TOA: SI

RTT: SI+BI

RTT: SI

AOD: SI+BI

AOD: SI

DL-FUS: SI+BI

DL-FUS: SI

Motivation: Factory of the Future (FoF)
• FoF is inherently a multi-agent system composed of heterogeneous nodes:

machines, workers, workpieces, etc.
• Coordination (communication and control) among heterogeneous nodes facilitates

operational resiliency: adaptability, autonomy, and reliability
• Dense and dynamically-changing factory environments create harsh conditions for

communication and control of networked systems

Technical Gaps
• Limited availability of results in standardized scenarios, such as those defined by

3GPP and included in technical specifications of beyond 5G networks towards 6G
• Existing works on localization do not account for sensing latency and may lead to

poor performance when data packets are not readily available
• A systematic design of localization and decision-making accounting for the latency

in sensing, communication, and computation is still lacking

Research Objective 
• Develop latency-resilient algorithms for network localization, inference, and control

to facilitate situational awareness and decision-making in FoF
− design efficient algorithms for high-accuracy localization by fusing sensed data
obtained from heterogeneous devices in FoF

− develop a framework for location inference in the presence of network latency

Inference and Control for FoF
• Node-level constituents of FoF:

− physical layer: FoF agents
− sensing layer: multimodal sensors

• Network-level constituents of FoF:
− inference layer: processor nodes for localization and navigation
− control layer: processor nodes for action generations

Contributions
• Our contributions to NextG resiliency, network intelligence, performance, and

security are as follows:
− developed localization algorithms for xG networks according to 3GPP specifications
and communication algorithms leveraging location information

− disseminated results in publications/tutorials
− https://rings.winslab.lids.mit.edu/

Project Overview

Network-level location-awareness in FOF

3GPP-compliant datasets for xG location-aware networks
• xG-Loc is the first open dataset for evaluating localization
algorithms and services fully compliant with 3GPP specifications

7 Extension of xG-Loc dataset

To advance the evolution of xG networks, it is fundamental to make publicly available datasets com-
pliant with 3GPP technical reports and specifications that serve as common ground for companies and
research institutions for developing and testing new algorithms. In this context, the 3GPP has defined
a set of reference settings in terms of scenarios, signals, channels, and resource allocations. However,
implementing software to generate 3GPP-compliant data can be challenging due to the complexity of
the 3GPP specifications that make such task time-consuming and computationally intensive.

xG-Loc [15, 16] is the first open dataset for localization algorithms and location-based services
fully compliant with 3GPP technical reports and specifications. xG-Loc includes received localization
signals, measurements, and analytics for di↵erent network and signal configurations in indoor and
outdoor scenarios with center frequencies in frequency range 1 (FR1) and frequency range 2 (FR2).
Position estimates obtained via SI-based localization and wireless channel quality indications via BI
are also provided. xG-Loc is generated in full compliance with 3GPP technical reports and speci-
fications, including environments, channels, and signals. Several conditions for the RS transmission
are considered in xG-Loc, including di↵erent central frequencies (both in FR1 and FR2), bandwidths
(from 5MHz to 400MHz), and scenarios (i.e., indoor factory (InF)-dense high (DH), InF-sparse high
(SH), indoor open o�ce (IOO), and urban microcell (UMi)).

Within the TAP-IN project, we are developing an extension of the xG-Loc dataset including
new configurations, enabling the possibility to evaluate a wider number of case studies. In particular,
these configurations include two new scenarios, namely the urban macrocell (UMa) and rural macrocell
(RMa) scenarios, as well as new central frequencies in frequency range 3 (FR3) (i.e., between 7.125GHz
to 24.25GHz) for the IOO, InF-DH, and InF-SH scenarios. Table 7.1 reports the new configurations
that are being developed for extending xG-Loc, where fc, B, µ, and NRB denote the central frequency,
bandwidth, numerology, and number of resource blocks considered.

Table 7.1: Configurations for the extension of xG-Loc provided by the TAP-IN project.

Dataset Name fc [GHz] B [MHz] µ NRB

uma 5 2 2 5 0 24

uma 20 2 2 20 0 104

uma 50 4 4 50 1 136

uma 100 4 4 100 1 272

rma 5 2 2 5 0 24

rma 20 2 2 20 0 104

rma 50 4 4 50 1 136

rma 100 4 4 100 1 272

infdh 200 12 12 200 2 272

infdh 300 18 18 300 3 208

infsh 200 12 12 200 2 272

infsh 300 18 18 300 3 208

ioo 200 12 12 200 2 272

ioo 300 18 18 300 3 208
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34• The data available in xG-Loc include: received and transmitted
PRSs/SRSs, distance/AOD/position estimates, and others.

• New scenarios and frequency bands are added in Nov. 2024

Performance analysis of location-aware networks

• Vision-aided localization and communication

• The performance of the location-aware NTN is
compared with current LEO satellites systems

• Leveraging location information and cooperation
among satellites can bring significant performance
gain in NTN
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