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Location Based Services

• 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

• Targeting sub-meter accuracy through higher carrier frequencies and massive 
antenna arrays



3GPP Positioning and Synchronization
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• 5G Localization methods rely on accurate timing (e.g.,
OTDOA, Observed Time Difference of Arrival)

• The synchronization requirements depend on the
location accuracy requirements:
— As an example, to achieve a location accuracy of 40-

60m, a relative time error less than 200 ns is required.

• Other source of timing errors are the presence of NLOS
conditions and the multipath propagation

Time Error

3GPP TR 37.857 “Study on indoor positioning enhancements for UTRA and LTE”



Why Synchronization in 5G

Radio frames are TDM (Time Division Multiplexing)
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Typical target requirement is about 1 us with respect to an absolute reference
In order to meet 3 us Cell Phase Synchronization

3GPP TS 38.133 “Requirements for support of radio resource management”



The Project LOCUS (H2020)

LOCalization and analytics on-demand 
embedded in the 5G ecosystem, for Ubiquitous 

vertical applicationS

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

Example: accurate estimation, no 
synchronization errors



OTDOA-based localization

Example: a single time measurement
from one of the base stations has 100 
ns error
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• Timing error

Localization error: 14.21 m



Soft Information for Localization

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

SVE-based localization SI-based localization
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Methodology for Soft-Information

TDoA, ToA, AoA, 
DoA, and RSS 
Measurement

Machine 
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Example with OTDOA-based localization

SVE-based

Example: 100 ns error
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Example Result

• 4 anchors in 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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TABLE I
TIME- AND AMPLITUDE-BASED MEASUREMENT SELECTION FEATURES.

Sample distributions/statistics Time-based selection features Amplitude-based selection features
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VII. CASE STUDIES

This section compares the performance of SVE-based, DP,
and SI-based techniques in three case studies corresponding
to the following scenarios:

• noisy features and NLOS detection;
• IEEE 802.15.4 a standard; and
• ETSI 3GPP standard with spatial consistency.

In each scenario, measurements are obtained in different
wireless environments.

Before delving into the performance comparison in each
case study (CS), a discussion on the complexity of the SVE-
based, DP, and SI-based techniques is given. The SVE-based
technique does not require an off-line phase (training) and re-
lies only on a single value per measurement. The DP technique
requires prior knowledge of the channel model. If such a model
is unknown, then DP uses an off-line phase to estimate the
channel response (from multiple received waveforms for each
anchor-agent distance).13 The SI-based technique requires an
off-line phase to determine a generative model for the SFI
(however, it does not require multiple received waveforms
for each anchor-agent distance) [62]. In the on-line phase,
DP technique computes a likelihood function that depends on
the entire received waveform, resulting in high computational
complexity, whereas the SI-based technique benefits from a
dimensionality reduction step resulting in significantly lower
complexity despite the moderate information loss.

A. CS-I: Measurements Based on Noisy Features and NLOS

Detection

Consider a network in a 100meters by 100meters area with
four anchors and a varying number of agents all randomly
deployed therein. This case study compares the performance
of SI-based and SVE-based localization, in terms of root-
mean-square error (RMSE), together with the position error
bound (PEB) as a benchmark.14 The measurement set is

13In the IEEE 802.15.4 a scenario, waveforms are processed in time domain
and a covariance matrix is obtained for each anchor-agent distance [171]. In
the ETSI 3GPP scenario, measurements are collected in frequency domain and
an average vector of the channel response is obtained for each anchor-agent
distance [172].

14PEB is the square root of the right side of (29), which is independent
of the specific localization technique used and serves as a benchmark for the
MSE of unbiased position estimators.

Fig. 9. Localization performance based on range measurements as a function
of obstructed propagation bias for ϵ = 0.1 (solid) and ϵ = 0.2 (dashed).

composed of noisy features and NLOS detector output. The
noisy features are related to ranges and/or angles according to
(14) and (15), and the NLOS detection error is given by (1).
Specifically, we consider ϵNLOS = ϵLOS = ϵ, pNLOS = 0.4,
and σNLOS = σLOS = σ with σ = 2 meters for range
measurements and σ = 2 degrees for angle measurements.
We compare SVE-based and SI-based techniques using the
same measurements for inferring agent positions. In particular,
SVE-based localization employs Gaussian measurement model
with mean and variance given respectively by (2) and (3). On
the other hand, SI-based localization exploits SFI according
to (13) and (16) for inferring agent positions based on the
posterior distribution given by (19), (21), (23), or (25) for
different levels of spatial and temporal cooperation.

Fig. 9 shows the localization performance based on range
measurements as a function of the obstructed propagation
bias β for different values of the NLOS detection error ϵ. It
can be seen that SRI-based localization provides significant
performance improvement as well as robustness to NLOS
detection errors compared to DE-based localization. It can also
be observed that exploiting SRI enables the filling of most of



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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