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@ Location Based Services

e LBS market from USD 16 billions in 2019 to
USD 40 billions by 2024

* 60% of the global LBS revenues taken by very
few leading players

* GNSS technology integrated in the end user
device and custom over-the-top (OTT)

technologies

 Critical applications demand for technologies
deeply integrated in the mobile network
ecosystem




Positioning in 3GPP
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* Targeting sub-meter accuracy through higher carrier frequencies and massive
antenna arrays



@ 3GPP Positioning and Synchronization

* 5G Localization methods rely on accurate timing (e.g., %X
OTDOA, Observed Time Difference of Arrival) (X)Y) «'E'))

Observed
Time Difference

« The synchronization requirements depend on the :
of Arrival

location accuracy requirements:

— As an example, to achieve a location accuracy of 40-
60m, a relative time error less than 200 ns is required.

Time Error

e Other source of timing errors are the presence of NLOS (X,Y)
conditions and the multipath propagation

3GPP TR 37.857 “Study on indoor positioning enhancements for UTRA and LTE”
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@ Why Synchronization in 5G

Radio frames are TDM (Time Division Multiplexing)
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Sync for TDD, Carrier Aggregation, Dual Connectivity ...
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@ Why Synchronization in 5G

Radio frames are TDM (Time Division Multiplexing)

Time=0 SFN, System Frame Number Guard Periods
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Error In order to meet 3 us Cell Phase Synchronization

3GPP TS 38.133 “Requirements for support of radio resource management”  Jctivity ...
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@ The Project LOCUS (H2020)
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LOCalization and analytics on-demand Orange
embedded in the 5G ecosystem, for Ubiquitous &
vertical applicationS incelligent

Nextworks
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University of Malaga

* Enabling accurate and ubiquitous location information as a network-native service

e Derivation of complex features and behavioural patterns from raw location and physical
events for application developers (location-based analytics)

* Localization of terminals for improving network performance and to better manage and

operate networks



@ OTDOA-based localization

» Classic localization techniques rely on single value estimates (SVE), e.g. distance/angle,
which are jointly used together with prior information by a localization algorithm
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Example: accurate estimation, no
synchronization errors

prior information



@ OTDOA-based localization

* Timing error
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Soft Information for Localization

SVE-based localization

Sl-based localization
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A. Conti et al., “Soft Information for Localization-of-Things,” Proc. of the IEEE, May 2019
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Example Result

* 4 anchorsin 100m X 100m: anchors and agents at random
* Probability of NLOS 0.4

* Measurements error with std 2m
* Detection error 0.1 (solid) and 0.2 (dashed)
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@ Summary

 Positioning is a key enabler for a wide range of emerging applications in 5G
scenarios

* The European Project LOCUS is aiming at improving localization accuracy,
close to theoretical bounds and extend localization with physical analytics

* Synchronization and timing are vital for addressing accurate localization in
critical scenarios

* Extremely accurate synchronization, for example in the order of a few ns
could result in unreasonable cost for a network operator

» Soft-Information is a new paradigm for learning and exploiting location
information and mitigate several error sources including synchronization
and timing errors due to impaired wireless propagation
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LOCUS Project

LOCALIZATION AND ANALYTICS ON-DEMAND EMBEDDED
IN THE 5GC ECOSYSTEM,
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LARGE VENUES AND TRANSPORTATION WUBS (AIRPORTS. TRAIN STATIONS _) DESICN OF A SYSTEM TWAT ALLOWS THE NETWORK OPERATOR TO DECIDE
EXMISIT CATMERING OF CROWDS. WITH COMPLEX MOBILITY SEMAVIOUR THIS THEIR NETWORK OPTIMIZATION POUICIES IN ORDER TO ENMANCE THE
AFFECTS INDIVIOUAL QUAL ENCE (E.C. LONG QUEVESL AND PUTS NETWORK CAPACITY. NETWORK COVERAGE OR TME QUALITY OF EXPRRIENCE
A N MANACEMENT RESOUBCES (STAFF, SECURITY. RTC) SECURITY PLACEIVED BY UES LOCATION AWARENESS COULD ENABLE NETWORK
AND SAFETY ISSURS COULD ARISE AT EMERCENCY EVENTS (£.G. FRENZY FANS) Uil <
LOCUS  WILL  EXPLOIT D AEFERENCE SIGNALS TO COLLECT BADIO  BESOURCE  OPTIMIZATION.  LOAD  MANACEMENT.  CENERAL
MEASUREMENTS AND OEPLOY WYBRID POSITIONING METWOOS TO EXTRACT AND QOE

LOCATIONS AND TBACK MOBILITY.

SPECIFIC OBIECTIV

SYATEM ABCHITECTURE WITH BUILT-IN SECUBITY AND PRIVACY

3C TERMINAL A CELLULAR-SASED THOUGNT OF AS AN EVOLVING FUNCTIONALITY iN TESMS OF PERFORMANCE
INTECRATION WITH NON-3CHP cNss, Wi erc)
DEVICE FREE LOCALIZATION TECHNOLOGIES: SOLUTIONS TO USK BASE STATIONS AND OTHER PRESENT 1N THE As oF son
PASSIVE RADAR. AND TO LOCALIZE ALSO PASSIVE TARCETS (PEOPLE AND THINGS)

ANALYTICS. LEABNING AND INFESENCE ANALYSE THE REMAVIOUS OF DEVICES AND TARCETS

NETWORK ExmoNT AND ADVANCED DATA ANALYTICS TO ENHANCE NETWORK MANAGEMENT

EXEMPLARY LOCALIZATION BASED SERVICES. EMPOWES

EMPLADY SERVICES




