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Is low-Earth-orbit (LEO)-based posi-
tioning, navigation, and timing 

(PNT) truly necessary, and can it ulti-
mately replace global navigation sat-
ellite systems (GNSS)? As demands 
for resilient localization and timing 
continue to grow, this question is no 
longer merely speculative. Although 
GNSS remains the worldwide back-
bone of PNT, its limitations in dense 
urban areas, partially indoor environ-
ments, and interference-prone sce-
narios have motivated growing 
interest in complementary architec-
tures. In this context, dedicated LEO-
based PNT systems are gaining 
attention for their stronger signals, 
faster acquisition, and potential resil-
ience advantages, while wireless 
positioning within the framework of 
the 3rd Generation Partnership 
Project (3GPP) is evolving rapidly 
across terrestrial networks (TNs) 
and non-TNs (NTNs) in 5G advanced  
(5 G-Advanced) and future 6G sys-
tems. Meanwhile, artificial intelli-
gence (AI) is emerging as a key 
enabler for enhancing localization 
accuracy and robustness through 
measurement refinement, multipath 
mitigation, non-line-of-sight (NLOS) 
identification, and cross-domain 
data fusion. Therefore, the future of 
positioning is unlikely to be defined 
by a simple replacement of GNSS; 
rather, it will likely be shaped by the 
convergence of GNSS, LEO-based 
PNT, cellular and NTN positioning, 

and AI into a unified framework for 
resilient wireless localization.

Why GNSS Alone May No Longer 
Be Enough
GNSS still provide the essential back-
bone of modern PNT, but the risk land-
scape surrounding them has changed 
markedly. What used to be treated 
largely as a technical limitation—sus-
ceptible to blockage, multipath, or 
interference—has now become a 
broader resilience challenge shaped 
by geopolitics, infrastructure depen-
dence, and operational safety. This 
shift is evident in recent aviation data: 
in 2025, the European Union Aviation 
Safety Agency and the International 
Air Transport Association noted that 
the number of GPS signal loss events 
increased by 220% between 2021 and 
2024, warning that, given ongoing geo-
political tensions, the trend may not 
reverse in the near term. At the same 
time, resilient PNT is receiving grow-
ing attention in the critical-infrastruc-
ture domain; for example, the U.S. 
Department of Homeland Security 
recently described its resilient PNT 
guidance for infrastructure operators 
as a major milestone in supporting 
critical infrastructure resilience [1]. 
In Europe, the strategic framing is 
becoming equally explicit: the Euro-
pean Space Agency has described 
the objective of future LEO PNT 
development as adding “a new layer” 
to the European PNT ecosystem, 
with Galileo at its core [2]. Taken 
together, these developments sug-
gest that the issue is no longer 

whether GNSS remain important—
they clearly do—but whether future 
wireless and infrastructure systems 
can continue to rely on GNSS alone 
without additional layers of continu-
ity, redundancy, and trust.

These emerging concerns are 
rooted in several well-known but still 
fundamental limitations of GNSS. 
First, GNSS signals arrive at Earth’s 
surface with extremely low received 
power after propagating over very 
long distances from medium-Earth-
orbit satellites, which makes them 
inherently fragile in the presence 
of blockage, attenuation, or even 
relatively weak interference sourc-
es. This weak-signal nature also 
helps explain why GNSS receivers 
are particularly susceptible to in-
tentional jamming and spoofing at-
tacks, especially when civil signals 
are openly specified and difficult 
to authenticate at the receiver side. 
In addition, GNSS positioning ac-
curacy can degrade significantly in 
dense urban or partially obstructed 
environments, where NLOS recep-
tion and severe multipath propa-
gation distort pseudorange and 
carrier-phase measurements, some-
times producing not only larger er-
rors but also misleadingly confident 
position estimates. Frequent signal 
discontinuities caused by obstruc-
tion or harsh propagation conditions 
further complicate continuous track-
ing and high-integrity positioning. 
As a result, the limitations of GNSS 
are not simply matters of nominal  
accuracy; they are tied to a deeper 
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structural issue, namely, that a low-
power, LOS-dependent satellite posi-
tioning system can be highly effective 
in open environments yet increasing-
ly fragile in contested, obstructed, or 
interference-rich settings.

Wireless Positioning Through 
Cellular TNs
To address the structural limitations 
of GNSS, the mobile industry has 
spent roughly the last decade turning 
terrestrial cellular infrastructure into 
a complementary positioning layer. 
In 3GPP standardization, this transi-
tion became much more explicit with 
Release 16, which introduced both the 
“5G positioning services” and “NR 
positioning support” work items, while 
the stage-2 architecture for user-equip-
ment positioning in next-generation 
radio access networks (NG-RANs) had 
already been formalized in Technical 
Specification (TS) 38.305. From that 
point onward, positioning in cellular 
systems was no longer treated as a 
marginal add-on for emergency servic-
es alone but as a core enabler for 
industrial automation, robotics, public 
safety, transportation, and other laten-
cy- and integrity-sensitive use cases. In 
other words, 5G positioning began to 
evolve as a network–native comple-
ment to GNSS, particularly for environ-
ments where satellite signals are weak, 
blocked, or operationally unreliable.

This standardization trajectory 
continued in Releases 17 and 18 with 
a clear push toward higher accuracy, 
lower latency, broader coverage con-
ditions, and more diverse deploy-
ment scenarios. Release 17 included 
“Radio Access Network (RAN) as-
pects of New Radio (NR) positioning 
enhancements” as well as study work 
on in-coverage, partial-coverage, and 
out-of-coverage positioning use cas-
es, signaling that positioning had be-
come a mainstream capability rather 
than a niche feature. Release 18 then 

moved further toward “expanded 
and improved NR positioning” while 
also introducing work on ranging-
based services, sidelink position-
ing, and low-power high-accuracy 
positioning for Industrial Internet 
of Things scenarios. The technical 
direction is also notable: 3GPP has 
been studying bandwidth aggrega-
tion for positioning reference signals, 
carrier-phase-based positioning, and 
sidelink-assisted ranging, all of which 
are intended to push terrestrial wire-
less positioning beyond coarse lo-
calization and toward decimeter- or 
even centimeter-class performance 
in selected scenarios. At the same 
time, the NTN road map in Release 
19 has begun to explicitly discuss 
“GNSS independent operation” and 
“positioning enhancements for satel-
lite access,” which suggests that fu-
ture positioning will increasingly be 
designed across terrestrial and non-
terrestrial layers rather than within 
isolated domains. Beyond the Releas-
es 16–18 evolution of NR positioning 
techniques, early Release 20 discus-
sions suggest a subtle but important 
shift: from enhancing positioning as 
a stand-alone feature set toward em-
bedding it more fundamentally into 
the 6G RAN architecture.

The growing importance of terres-
trial wireless positioning should also 
be understood in the broader context 
of 6G vision setting. In the International 
Telecommunication Union Radiocom-
munication Sector (ITU-R) framework 
for International Mobile Telecommu-
nications for 2030 and beyond (IMT-
2030), sensing and communication are 
no longer viewed as entirely separate 
functions; rather, the 6G vision explic-
itly recognizes integrated sensing and 
communication as part of the future 
evolution of mobile systems. In fact, 
the earlier ITU-R technology trends 
report already noted that positioning 
is the only sensing service offered by 

IMT-2020 systems, and that IMT to-
ward 2030 and beyond will consider in-
tegrated sensing and communication 
from the outset. This is an important 
shift in perspective; it implies that po-
sitioning is no longer merely an auxil-
iary feature added to a communication 
system for emergency services or as-
set tracking but one of the native capa-
bilities through which future networks 
will perceive, interpret, and interact 
with the physical world.

Importantly, the recent evolution 
of wireless positioning is no longer 
visible only in standards documents; 
it is increasingly reflected in pub-
lic showcases, industrial trials, and 
early commercial offerings. At Mobile 
World Congress (MWC) Barcelona 
2025, Qualcomm explicitly positioned 
precise positioning alongside integrat-
ed connectivity as part of its Industri-
al Internet of Things road map while 
also showcasing wireless sensing 
demonstrations such as aerial drone 
detection and sensing-enhanced com-
munication, highlighting how local-
ization and sensing are converging in 
the broader path toward 6G systems. 
Ericsson has moved even closer to 
productization: after demonstrating a 
network-centric 5G precise indoor po-
sitioning solution capable of subme-
ter, near-real-time tracking, it officially 
launched its 5 G-Advanced location 
services offering in January 2026 for 
commercial 5G stand-alone networks. 
Nokia, meanwhile, has provided one 
of the clearest industrial proofs of 
concept through its work with Bosch, 
where a private 5G deployment in a 
German production plant achieved 
positioning accuracy within 50 cm 
over 90% of the factory footprint and 
was later framed as a stepping stone 
toward sensing and communications. 
More broadly, recent industry and re-
search demonstrations increasingly 
treat localization accuracy, tracking 
fidelity, and spatial awareness as the 
most tangible indicators of sensing 
performance. In that sense, position-
ing has become not only a service in 
its own right but also the most con-
crete performance metric through 
which the value of integrated sensing 

The growing importance of terrestrial wireless 
positioning should also be understood in the broader 
context of 6G vision setting.
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and communication is currently be-
ing expressed.

Why LEO-Based PNT Is Attracting 
Renewed Attention
LEO-based PNT is attracting renewed 
attention because it addresses the 
gap left by both traditional GNSS and 
terrestrial cellular positioning. GNSS 
remains indispensable for global cov-
erage, but its medium-Earth-orbit 
geometry leads to extremely weak 
received signals at the user terminal, 
making it vulnerable to blockage, jam-
ming, and spoofing. Terrestrial cellu-
lar positioning can complement GNSS 
in indoor, dense urban, and industrial 
environments, yet it depends on net-
work deployment density, operator 
infrastructure, and service availabili-
ty, and therefore does not always pro-
vide the continuity, autonomy, or 
wide-area resilience expected from a 
true PNT system. LEO-PNT has 
emerged in this context as a promis-
ing middle ground: it preserves the 
wide-area and satellite-based nature 
of PNT while offering much stronger 
received signals and faster geometry 
variation than conventional GNSS, 
which can improve signal acquisition, 
observability, and availability in chal-
lenging environments.

A second reason for the growing in-
terest in LEO-PNT is that it is increas-
ingly being framed not merely as a 
performance enhancement but as a 
resilience architecture. Recent public 
reports and demonstrator programs 
emphasize that LEO-PNT is valuable 
precisely because it can serve as an 
additional layer in a multilayer PNT 
ecosystem rather than as a simple 
one-to-one replacement for GNSS. 
This framing is especially visible in 
Europe, where the European Space 
Agency has described the ultimate 
objective of a future operational LEO-
PNT system as adding “a new layer” 
to the European PNT ecosystem with 
Galileo at its core, and where recent 
demonstrator efforts are explicitly 
aimed at improving resilience and 
robustness through combined opera-
tion with Galileo, EGNOS, and other 
GNSS. In parallel, dedicated commer-

cial players such as Xona are promot-
ing LEO-PNT around authenticated 
signals, stronger antispoofing capa-
bility, and higher-integrity navigation, 
reflecting a broader industry shift 
from accuracy-only thinking toward 
trust, continuity, and survivability [3]. 
Xona provides perhaps the clearest 
example of a dedicated commercial 
LEO-PNT strategy. Its Pulsar system 
is being developed as a 258-satellite 
constellation at roughly a 1,080-km 
altitude, explicitly designed to deliv-
er stronger signals, centimeter-level 
positioning performance, and faster 
authentication while remaining com-
patible with much of today’s installed 
navigation base through software-en-
abled receiver support. In contrast to 
legacy navigation modernization cy-
cles, Xona is pursuing a commercial 
deployment model centered on rapid 
iteration, production-class satellites, 
and early ecosystem integration with 
receiver and timing vendors. The 
launch of Pulsar-0 in 2025 and the 
company’s subsequent 2026 scale-
up announcement suggest that com-
mercial LEO-PNT is moving beyond 
concept validation and into the first 
phase of infrastructure deployment.

A third driver is the broader con-
vergence of LEO-PNT with future 
NTN and 6G resilience discussions. 
As wireless systems begin to con-
sider GNSS-independent operation, 
satellite-assisted access, and resil-
ient localization under disrupted 
infrastructure conditions, LEO sat-
ellites become attractive not only 
as communication nodes but also 
as positioning assets. In this sense, 
LEO-PNT benefits from the same mo-
mentum that is driving NTNs more 
generally: the need for infrastruc-
ture diversity, service continuity, 
and spatial awareness beyond the 
limits of purely terrestrial systems. 
For this reason, LEO-PNT is now 
drawing attention not simply as an 
“alternative GNSS” but as a strategic 
complement to both GNSS and ter-
restrial wireless positioning in future 
resilient localization frameworks.

A primary technical advantage of 
LEO-based PNT lies in its much short-

er propagation distance compared 
with traditional GNSS in medium-
Earth orbit. Because LEO satellites 
are far closer to Earth, their received 
signals can be substantially stronger 
at the user terminal, which directly 
improves acquisition sensitivity, sig-
nal availability, and robustness in 
environments where conventional 
GNSS signals are attenuated or par-
tially blocked. This is one of the 
main reasons why LEO-PNT is often 
viewed as especially promising for 
dense urban environments and oth-
er difficult propagation conditions. 
In addition, stronger signals make 
it easier to support richer signaling 
structures, faster data delivery, and 
potentially more reliable authentica-
tion mechanisms, all of which are 
important for resilient PNT services.

A second major advantage is the 
highly dynamic geometry of LEO 
constellations. Unlike medium-Earth-
orbit navigation satellites, which 
move relatively slowly from the per-
spective of a terrestrial receiver, 
LEO satellites exhibit rapid geometry 
changes, larger Doppler shifts, and 
faster variation in LOS conditions. 
These properties can be technically 
demanding for receiver design, but 
they also create important oppor-
tunities. Faster geometry evolution 
can improve observability, shorten 
time to first fix, and help decorre-
late the persistent geometric weak-
nesses that often limit stand-alone 
GNSS in obstructed environments. 
The strong Doppler dynamics of LEO 
systems can also be exploited as an 
additional source of positioning in-
formation, while the rapidly chang-
ing satellite-receiver geometry may 
help reduce the long-lived multipath 
conditions that often bias conven-
tional GNSS measurements.

A third advantage is that LEO-
PNT fits naturally into a broader re-
silience-oriented architecture rather 
than a single-system replacement 
model. Because LEO systems can 
use alternative frequencies, support 
high-rate signal delivery, and poten-
tially enable two-way or range-au-
thenticated signaling concepts, they 
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offer new design degrees of freedom 
that are difficult to realize in legacy 
GNSS alone. This makes LEO-PNT at-
tractive not only for improving raw 
positioning performance but also for 
strengthening trust, continuity, and 
integrity in future PNT ecosystems. 
For this reason, many recent studies 
and development programs frame 
LEO-PNT not simply as a more ac-
curate navigation layer but as a com-
plementary system that can enhance 
robustness, service diversity, and 
security when combined with GNSS 
and terrestrial wireless positioning.

3GPP Standardization Trends for 
NTN Positioning
In 3GPP standardization, NTN posi-
tioning is emerging not simply as an 
extension of terrestrial wireless local-
ization but as a necessary capability 
for making satellite access practical 
and resilient. This direction is clearly 
reflected in 3GPP’s official NTN over-
view, which explicitly identifies 
“GNSS independent operation” and 
“positioning enhancements for satel-
lite access” as key areas of ongoing 
work. The motivation is straightfor-
ward: in some NTN scenarios, user 
equipment may rely primarily or 
even exclusively on satellite access, 
which means that conventional 
assumptions—such as continuous 
access to GNSS for timing, ephemeris 
assistance, or initial location aware-
ness—can no longer be taken for 
granted. From this perspective, NTN 
positioning in 3GPP is not only about 
estimating user location through sat-
ellite-based radio measurements but 
also about enabling robust network 
access and service continuity when 
GNSS assistance is limited, degraded, 
or unavailable.

The standardization trajectory 
has evolved step by step across re-
cent releases. Release 17 introduced 
the first major 5G NR-NTN frame-

work, primarily to make satellite ac-
cess feasible within the 5G system. 
Release 18 then moved beyond basic 
access support and introduced NTN 
enhancements including support 
for network-verified user-equipment 
location using multiround-trip-time 
(MT-RTT) concepts, with explicit 
consideration of NTN characteris-
tics such as large propagation delay 
and satellite motion. Release 19 goes 
further by treating NTN more as an 
integrated service layer within 5 G-
Advanced, while continuing work re-
lated to satellite access and related 
positioning needs. In parallel, the 
service and architecture discussions 
for Rel-19 Phase III NTN explicitly 
keep GNSS-independent operation 
and positioning enhancements for 
satellite access on the agenda, which 
shows that 3GPP now views position-
ing as one of the enabling functions 
required for a mature NTN ecosystem 
rather than as an optional add-on.

Looking ahead, the longer-term sig-
nificance of NTN positioning becomes 
even clearer in the transition toward 
6G. Early Release 20 discussions indi-
cate that future 6G RAN architecture 
is expected to support both radio-
access-technology-dependent and ra-
dio-access-technology-independent 
positioning techniques, suggesting 
a more native architectural place for 
localization in next-generation sys-
tems. In that sense, NTN positioning 
is likely to evolve along two coupled 
directions: first, improving satellite-
based access procedures and net-
work-side location awareness within 
5 G-Advanced; and second, contrib-
uting to a broader 6G framework in 
which terrestrial, nonterrestrial, and 
assisted-GNSS methods are treated as 
complementary parts of a unified po-
sitioning architecture. Therefore, the 
most important message is that 3GPP 
is gradually shifting NTN positioning 
from a support function for satellite 

access toward a core element of fu-
ture resilient multilayer positioning.

From a technical perspective, 
3GPP does not appear to be treating 
NTN positioning as a completely sep-
arate positioning universe. Instead, 
the emerging direction is to reuse 
and adapt the broader NR position-
ing toolbox for NTN-specific condi-
tions. In the current 3GPP positioning 
framework, the main standardized 
methods already include downlink 
time difference of arrival (DL-TDOA), 
uplink time difference of arrival (UL-
TDOA), downlink angle of departure 
(DL-AoD), uplink angle of arrival (UL-
AoA), and multi-RTT positioning, with 
corresponding signaling procedures 
defined in TS 38.305. TS 38.300 also 
links uplink sounding reference signal 
measurements, uplink angle measure-
ments, next-generation NodeB (gNB) 
receive–transmit time-difference 
measurements, and carrier-phase-
related measurements to UL-TDOA, 
UL-AoA, and multi-RTT methods. The 
key point for NTN is therefore not that 
3GPP must invent positioning from 
scratch but that these timing-, angle-, 
and round-trip-based methods must 
be made workable under long propa-
gation delays, moving satellites, and 
highly dynamic beams.

Among these methods, multi-
RTT appears especially relevant to 
NTN because it is naturally compati-
ble with a network-verified position-
ing framework, and with scenarios 
in which the network can coordinate 
measurements across serving and 
neighboring transmission points. 
Release 18 already added explicit 
information-transfer procedures for 
multi-RTT in TS 38.305, and NTN 
enhancement work has also dis-
cussed support for network-verified 
user-equipment location using RTT-
based concepts. In practical terms, 
this is attractive because NTN sys-
tems already need to cope with large 
and variable propagation delays, so 
timing relationships between uplink 
and downlink transmissions be-
come central not only to position-
ing but also to access control and 
synchronization. At the same time, 

Release 17 introduced the first major 5G NR-NTN 
framework, primarily to make satellite access feasible 
within the 5G system.
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angle-based methods such as UL-
AoA or DL-AoD may become increas-
ingly meaningful in beam-centric 
NTN systems, where satellite spot 
beams and beam footprints provide 
additional geometric structure that 
can be exploited for localization.

What makes NTN technically 
distinct is the surrounding assis-
tance and synchronization problem. 
3GPP’s NTN overview explicitly lists 
GNSS independent operation and po-
sitioning enhancements for satellite 
access as current focus areas, which 
implies that NTN positioning is tied 
not only to final location estimation 
but also to acquiring enough tim-
ing, frequency, and geometry knowl-
edge for the terminal to access the 
satellite network in the first place. 
Related NTN synchronization dis-
cussions in 3GPP have already con-
sidered timing-advance adjustment 
based on satellite and gNB position 
information or time-stamped refer-
ence times, and earlier NTN work 
also assumed that user equipment 
could use GNSS position and satellite 
ephemeris to precompensate timing 
and frequency offsets. This means 
that, in NTN, positioning measure-
ments are deeply intertwined with 
access-enabling observables such 
as propagation delay, Doppler, beam 
association, and ephemeris-related 
assistance data. In other words, NTN 
positioning in 3GPP is evolving not 
merely as a post-access location 
service but as part of a broader mea-
surement-and-assistance framework 
for satellite-native connectivity.

Technical Challenges and Future 
Directions for NTN Positioning
Despite the growing momentum 
behind NTN positioning, several 
technical challenges must still be 
addressed before it can become a 
mature and dependable component 
of future PNT frameworks. One of the 
most fundamental difficulties arises 
from the highly dynamic nature of 
satellite links. Unlike terrestrial cellu-
lar positioning, NTN operation must 
cope with large propagation delays, 
significant Doppler shifts, fast-chang-

ing satellite geometry, and moving 
beam footprints, all of which compli-
cate both timing- and angle-based 
localization. In addition, many cur-
rent NTN access procedures have 
historically relied on some degree of 
GNSS assistance for timing, ephemer-
is awareness, or pre-compensation, 
which means that the goal of GNSS-
independent operation remains tech-
nically ambitious rather than fully 
resolved. For this reason, a major 
near-term challenge is not only 
improving raw positioning accuracy 
but also reducing dependence on 
external navigation aids during initial 
access and tracking.

A second challenge is that NTN po-
sitioning cannot be viewed as purely 
a post-access location service; it is 
deeply coupled with synchroniza-
tion, beam management, and network 
coordination. In terrestrial systems, 
positioning measurements such as 
DL-TDOA, UL-TDOA, AoA, AoD, and 
MT-RTT are already well established 
within the NR framework. In NTN, 
however, these measurements must 
be interpreted under fundamentally 
different geometric and timing con-
ditions, where satellite motion, long 
round-trip delays, and beam-depen-
dent visibility strongly affect observ-
ability and estimation quality. This 
suggests that future NTN positioning 
will require tighter integration among 
measurement design, satellite ephem-
eris assistance, beam-level schedul-
ing, and network-side verification 
procedures. In other words, the chal-
lenge is not simply to reuse terrestrial 
positioning techniques in space but 
to redesign them so that they remain 
stable and useful under satellite-na-
tive operating conditions.

Looking ahead, the most promis-
ing direction may be a unified mul-
tilayer architecture in which NTN 
positioning complements, rather 
than replaces, terrestrial wireless 
positioning and GNSS. Early Release 

20 discussions suggest that 3GPP is 
gradually shifting from treating po-
sitioning as a stand-alone feature 
toward embedding it more fundamen-
tally within future 6G RAN architec-
ture. This opens several important 
research directions, including radio-
access-technology-independent po-
sitioning support, hybrid estimation 
across terrestrial and nonterrestrial 
layers, improved GNSS-independent 
access support, and AI-assisted fu-
sion of timing, angle, Doppler, and 
beam measurements. In that sense, 
the future of NTN positioning will 
likely be defined less by any single 
measurement technique and more 
by how effectively the system can 
combine heterogeneous observables 
into a robust, resilient, and scalable 
positioning framework.

AI-Driven Positioning Enhancements 
in 3GPP and Beyond
In the 3GPP, the current push toward 
AI-native radio evolution is broader 
than positioning alone. A key part of 
this trend is the gradual shift from 
using AI and machine learning (AI/
ML) only for network automation in 
the core and operations domain 
toward enabling AI/ML directly at the 
radio access and air-interface levels. 
In particular, 3GPP’s study on AI/ML 
for the NR air interface, formalized in 
Technical Report (TR) 38.843, identi-
fied three representative pilot use 
cases: channel state-information 
(CSI) enhancement, beam manage-
ment, and positioning [4]. In CSI, the 
focus has included compression and 
prediction to reduce feedback over-
head while preserving channel 
knowledge quality; in beam manage-
ment, spatial and temporal predic-
tion have been explored to improve 
beam selection and tracking; and in 
positioning, both direct AI/ML posi-
tioning and AI/ML-assisted enhance-
ment of conventional measurements 
have been studied. In parallel, 

What makes NTN technically distinct is the surrounding 
assistance and synchronization problem.
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Release 19 also expanded AI/ML-
related work at the NG-RAN architec-
ture level through TR 38.743, showing 
that the 3GPP now treats AI/ML not as 
an isolated experiment but as a cross-
layer enabler of 5 G-Advanced and the 
bridge toward 6G.

Within that broader AI/ML trend, 
positioning has emerged as one of 
the clearest standardization targets. 
The 3GPP’s own NR air-interface 
study explicitly highlighted two ma-
jor directions for AI/ML-based posi-
tioning: direct positioning, such as 
fingerprinting-type approaches, and 
assisted positioning, in which AI/
ML inference produces either a new 
measurement or an enhancement of 
an existing one. The standardization 
intent is not to prescribe a specific 
neural network model but to iden-
tify what specification support is 
needed for interoperability, data 
handling, model lifecycle signaling, 
testing, and performance compari-
son against non-AI baselines. That 
positioning-specific work has contin-
ued into Release 19 phase-2 discus-
sions, where 3GPP meeting materials 
and chair notes refer explicitly to AI/
ML positioning accuracy enhance-
ments, while core-network-side work 
has also considered location-man-
agement-function support for direct 
AI/ML-based positioning and even 
model training/inference support for 
positioning procedures. In short, the 
3GPP is moving toward a framework 
in which AI can enhance positioning 
performance without requiring the 
standard to freeze one particular al-
gorithmic implementation.

This trend is highly relevant to 
NTN positioning, but its application 
is not straightforward. On the posi-
tive side, NTN environments generate 
rich observables—such as timing, 
Doppler, beam association, and sat-
ellite-dependent geometry—that are 
well suited to AI/ML-assisted fusion 
and error mitigation. In principle, 

AI could help compensate for satel-
lite dynamics, NLOS-like distortions, 
beam-edge effects, or imperfect as-
sistance information, much as it is 
being studied for terrestrial position-
ing enhancement. However, NTN also 
raises several additional issues: the 
channel and geometry change much 
more rapidly than in terrestrial sys-
tems, data collection and labeling 
may be harder across large geograph-
ic regions and orbital conditions, 
model generalization across satellites 
and constellations is nontrivial, and 
the role of AI must be reconciled with 
stringent requirements on robust-
ness, explainability, and standard-
compliant interoperability. For these 
reasons, AI for NTN positioning is 
promising, but the central challenge 
is likely to be less about whether AI 
can improve raw accuracy and more 
about whether it can do so in a reli-
able, transferable, and verification-
friendly manner within a multilayer 
3GPP positioning framework.

Looking ahead, one of the most 
promising directions for NTN po-
sitioning is the use of AI/ML not 
merely as a postprocessing tool but 
as an integrated component of the 
positioning framework itself. In ter-
restrial systems, AI/ML is already 
being studied for direct position-
ing, fingerprinting, and measure-
ment enhancement, and the same 
logic can be extended to NTN en-
vironments where heterogeneous 
observables such as Doppler, beam 
association, timing, and satellite ge-
ometry are naturally available. In 
particular, AI/ML could help fuse 
these observables more effectively 
than model-based processing alone, 
compensate for satellite-motion-
induced distortions, and improve 
robustness under imperfect assis-
tance information or partial GNSS 
availability. From this viewpoint, AI 
for NTN positioning is attractive not 
only because it may improve raw lo-

calization accuracy but also because 
it could support continuity and re-
silience in highly dynamic, satellite-
native operating conditions.

At the same time, the path toward 
practical AI-enabled NTN position-
ing is likely to be shaped by issues 
of data, generalization, and trust. 
Unlike terrestrial positioning, NTN 
scenarios involve wider geographic 
diversity, rapidly changing orbital 
geometry, constellation-dependent 
observables, and more limited oppor-
tunities for dense labeled-data col-
lection. As a result, future research 
will likely need to focus on transfer-
able learning across satellites and 
regions, hybrid model-driven and 
AI-assisted estimation, uncertainty-
aware inference, and verification-
friendly architectures that remain 
compatible with 3GPP standardiza-
tion principles. In that sense, the 
long-term value of AI for NTN posi-
tioning may lie less in replacing con-
ventional estimators altogether and 
more in serving as an adaptive fusion 
layer that enhances measurement re-
liability, mitigates environment- and 
orbit-dependent errors, and helps 
unify terrestrial, nonterrestrial, and 
GNSS-based positioning into a more 
resilient multilayer architecture.

Highlights From MWC 2026
At MWC Barcelona 2026, the most 
important 6G message was not the 
introduction of a single breakthrough 
air-interface technology but the 
emergence of a broader architectural 
consensus: 6G is increasingly being 
framed as an AI-native, sensing-
aware, and NTN-integrated network 
paradigm [5]. Across the event, 
major vendors emphasized AI-RAN, 
autonomous network operation, and 
distributed intelligence as the practi-
cal path toward 6G, while official 
Global System for Mobile Associa-
tion programming and ecosystem 
announcements tied 6G closely to 
NTNs, direct-to-device connectivity, 
and integrated sensing and communi-
cation. Notably, precision positioning 
appeared as one of the most concrete 
and commercially meaningful 

In the 3GPP, the current push toward AI-native radio 
evolution is broader than positioning alone.
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manifestations of this trend, particu-
larly in discussions of industrial sens-
ing and mission-critical applications. 
In that sense, MWC 2026 suggested 
that the near-term evolution toward 
6G will likely be defined less by a sin-
gle NR feature than by the conver-
gence of AI, positioning, sensing, and 
resilient multilayer connectivity.

Qualcomm framed 6G not as a 
single new air-interface feature but 
as a broader AI-native device-to-
data-center platform that integrates 
connectivity, sensing, and compute 
across devices, the network edge, 
and the cloud. Its official 6G messag-
ing emphasized three main themes: 
foundational 6G evolution, AI-native 
design for new services and user 
experiences, and sensing-enabled 
digital twin platforms for network effi-
ciency and automation. In this sense, 
Qualcomm’s demonstrations were 
important not only because they 
highlighted specific technologies but 
because they presented a coherent 
view of 6G as a system architecture 
in which wireless sensing, distribut-
ed intelligence, and adaptive network 
control are tightly coupled. This po-
sitioning also reinforces Qualcomm’s 
broader argument that the future of 
6G will be defined less by a single 
radio breakthrough and more by the 
convergence of AI, sensing, and end-
to-end network intelligence.

Ericsson used MWC 2026 to high-
light a more migration-oriented view 
of 6G, focusing on how operators 
can evolve from existing 5G systems 
toward future networks without dis-
ruptive spectrum or infrastructure 
discontinuities. One of its most vis-
ible announcements was a live multi-
radio access technology spectrum 
sharing demonstration with Apple, 
showing how 5G and 6G systems 
could coexist in the same time-divi-
sion-duplex midband spectrum while 
maintaining real-time interoperabili-
ty. Ericsson also announced a 6G cen-
timeter-wave data call demonstration 
with MediaTek, aimed at showing the 
feasibility of high-capacity, low-laten-

cy prototype 6G links for immersive 
services such as extended reality. 
Together, these demonstrations sug-
gested that Ericsson’s main MWC 
2026 message was that 6G is not only 
about future capability expansion but 
also about building a practical and 
interoperable migration path from to-
day’s 5 G-Advanced deployments.

Nokia’s 6G narrative at MWC 
2026 was centered on the idea that 
AI-RAN is the most concrete path 
toward AI-native 6G. Rather than 
focusing primarily on speculative 
future radio features, Nokia empha-
sized demonstrations and partner-
ships that show how AI can already 
reshape RAN operation, automation, 
and infrastructure sharing. Its offi-
cial MWC 2026 materials highlighted 
collaboration with Nvidia and Red 
Hat to support common cloud-native 
platforms for AI and radio access 
workloads as well as additional eco-
system work with operators such as 
Telia to explore commercial AI-RAN 
use cases. Nokia also showcased 
AI-driven automation demonstra-
tions and repeatedly linked these 
efforts to a longer-term transition 
toward AI-native 6G. In that sense, 
Nokia’s message was that 6G should 
be understood not simply as a new 
wireless standard but as a broader 
transformation toward software-de-
fined, cloud-native, and intelligence-
hosting network architecture.

Samsung’s presentation at MWC 
2026 was somewhat different from 
the others in that it emphasized AI-
native network infrastructure and 
radio evolution toward 6G rather 
than a single flagship 6G prototype 
demonstration. Its official showcase 
highlighted a new in-house chip for 
Open RAN radio, a lightweight and 
compact Massive multiple-input, 
multiple-output radio, AI-powered 
RAN software, and explicit radio per-
formance enhancement toward 6G. 
In parallel, Samsung also presented 
AI-RAN-related developments with 
major ecosystem partners, including 
demonstrations of software-driven 

and cloud-native network evolution 
using NVIDIA and AMD platforms.

Huawei’s message at MWC 2026 
was centered less on a single ex-
plicit “6G prototype” and more on 
what it called an AI-centric network 
and agentic mobile broadband ar-
chitecture. According to post-event 
reporting, Huawei used its day-one 
press conference to introduce prod-
ucts and solutions designed for an 
“agentic AI world,” emphasizing ser-
vice-oriented system intelligence, a 
telecom foundation model, an RAN 
digital twin system, and more adap-
tive base station capabilities.

A particularly interesting re-
search-oriented demonstration at 
MWC 2026 came from Northeastern 
University’s Institute for Intelligent 
Networked Systems, working with 
SoftBank, Keysight, and zTouch Net-
works. Their showcase presented 
an autonomous agentic AI-RAN 
powered by a large telecom model 
in which high-level operator intents 
are translated into real-time RAN 
configurations and services through 
a hierarchy of AI agents. The signifi-
cance of this demonstration lies in 
the fact that it linked academic re-
search, operator-driven AI models, 
test and measurement infrastruc-
ture, and programmable private 5G 
and 6G-ready radio platforms into a 
single end-to-end system.
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