5G positioning and hybridization with GNSS observations

Abstract
1. Introduction
The paradigm of ubiquitous location information has
risen a requirement for hybrid positioning methods, as a
continuous data location cannot be provided by any
single wireless system alone. Thus such hybrid methods
have been interest of research community and different
joint techniques accounting different data sources and/or
types have been proposed, e.g. coupling GNSS with
vision sensors (Takasu & Yasuda, 2008) or inertial
sensors (Angrisano, 2010). Nevertheless, the upcoming
fifth generation (5G) networks jointly with Global
Navigation Satellite System (GNSS) are still to be
investigated.
It is expected that 5G positioning will be able to
provide more precise location and enhanced availability
in all kinds of environments, especially urban canyons,
where most GNSS signals are blocked and suffer from
severe multipath conditions. The 5G observations can be
added to both single and precise point positioning (PPP)
GNSS solutions.
The work was carried out during the EU-Korean
“5GCHAMPION” project (Mueck & et.al., 2016). The
rest of the paper is organized as follows. In Section 2, we
present the objectives of the work. In Section 3, we
discuss about the research methods the presented
objectives. In Section 4, we explain the technologies and
methods from point of view positioning aspect of the
proposed hybrid 5G–GNSS method and infrastructure.
Then in Section 5 results based on simulations and real
life measurements are presented, and finally, in Section 6
concluding remarks are given.

solution is provided to understand the functioning and
assess preliminary performance of each technology.
Secondly, a testing phase is provided with definition
of Key Performance Indicators (KPI) and test cases. Then
the test cases are executed and post-processed to assess
the performance of each solution in real life.

4. Technology Definition
4.1. mm-Wave Positioning
The millimeter wave (mmWave) technology2 is
considered as one of the key properties of the 5G
communication networks (Saloranta & Destino, 2017).
This technology mainly brings the use of high data rate
and the use of beamforming feature via large antenna
arrays (Kutty & Sen, 2016). Such feature is used for the
angle of arrival (AOA) positioning method. Furthermore
the characteristic of the mmWave channel is sparsity, i.e.
only few dominant paths exists in the channel estimation
process, and from where the spatial-temporal domain
information can be exploited in the estimation process.
(Saloranta & Destino, 2016). To provide an effective
solution utilizing a real hardware, we will exploit the
angular domain information only.

4.2. Single Positioning and Hybridization
5G observations are azimuth and elevation angle
defined in the figure hereafter.

2. Objectives
This study has three main objectives:
- Assess the positioning performance of the mmWave technology.
- Assess the gains of 5G positioning over known
GNSS positioning methods.
- Assess the positioning performance of the
hybridized mm-Wave/GNSS solution

3. Method
The fulfilment of the objectives is done in two phases.
Firstly, each solution is described to provide a
technical understanding a technical review of each

2

A radio frequency band of 30 – 300 GHz via exact definition.
Although relaxed definition are e.g. from 23 – 32 GHz bands [P1].
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The variance of GNSS observation is the User Range
Equivalent Error (UERE) which is well documented, but
the variance of 5G observation is quadratic with the
distance of the estimated position from the station which
comes from the angular nature of the observation.

4.3. Precise Point Positioning and Hybridization

Explanation of single GNSS positioning is not the
objective of this study but the main mathematical
implementation resides in the following equations. 5G
observations are in angular domain (azimuth and
elevation) and are added to the iterative least square
method. This system is given as
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(∆𝑥𝑢 ∆𝑦𝑢 ∆𝑧𝑢 ∆𝑡𝑢 ): State vector residuals
(𝑥̂𝑢 𝑦̂𝑢 𝑧̂𝑢 ): Estimated user position
(𝑥𝑖 𝑦𝑖 𝑧𝑖 ): Estimated position of satellite i
𝑟̂:
𝑖 Estimated range between receiver and satellite i
𝜌̂𝑖 : Estimated pseudo-range between receiver and
satellite i
𝜌𝑖 : GNSS observation of pseudo-range i
c: The constant of the speed of light
R: Range between estimated user position and BS
expressed in ECEF.
𝑎𝑧𝑝 = (𝑎𝑧𝑝𝑥 𝑎𝑧𝑝𝑦 𝑎𝑧𝑝𝑧 ): Azimuth plane
vector expressed in ECEF coordinates. The vector
is orthogonal to the azimuth plane.
𝑒𝑙𝑝 = (𝑒𝑙𝑝𝑥 𝑒𝑙𝑝𝑦 𝑒𝑙𝑝𝑧 ):
Elevation
plane
vector expressed in ECEF coordinates. The vector
is orthogonal to the elevation plane.

The associated covariance matrix 𝛴 of observations is
as

Based on undifferenced and uncombined code and phase
measurements, Precise Point Positioning (PPP) techniques
achieve decimeter level accuracy in kinematic mode and
centimeter level or better in static mode thanks to the precise
orbit, clock and error models. PPP-WIZARD (With Integer
and Zero-Difference Ambiguity Resolution) software
developed by CNES (French Space Agency) has been used
in this paper for hybridization with 5G observations. This
software uses recent techniques such as ambiguity
resolution, fast convergence, gap bridging, etc. and presents
the possibility of single frequency PPP [2]. These techniques
improve the accuracy and the convergence time of the
solution.
The GNSS/5G hybridization has consisted mainly in adding
5G observations in the measurement vector of the PPP
Extended Kalman Filter, and completing the covariance
matrices according to the equations (1) and (2), thanks to the
following 5G equations that express the fact that 5G BS and
the user are both on the azimuth plane:
𝑎𝑧𝑝𝑥 𝑥𝑢 + 𝑎𝑧𝑝𝑦 𝑦𝑢 + 𝑎𝑧𝑝𝑧 𝑧𝑢 = 𝑎𝑧𝑝𝑥 𝑋𝑆 + 𝑎𝑧𝑝𝑦 𝑌𝑆 + 𝑎𝑧𝑝𝑧 𝑍𝑆
𝑒𝑙𝑝𝑥 𝑥𝑢 + 𝑒𝑙𝑝𝑦 𝑦𝑢 + 𝑒𝑙𝑝𝑧 𝑧𝑢 = 𝑒𝑙𝑝𝑥 𝑋𝑆 + 𝑒𝑙𝑝𝑦 𝑌𝑆 + 𝑒𝑙𝑝𝑧 𝑍𝑆

(3)

with (Xs, Ys, Zs) and (𝑥𝑢 , 𝑦𝑢 , 𝑧𝑢 ) respectively the BS and the
user coordinates in ECEF .
The state vector (estimated parameters) is as:
∆𝑋 = [𝑃, 𝐶𝑙𝑘1,..𝑛 , 𝐵𝑓𝑖 , ∆𝑇𝑟, 𝑠𝐼, 𝑁]
(4)
1,..𝑛

-

P : position vector (𝑥𝑢 , 𝑦𝑢 , 𝑧𝑢 )
𝐶𝑙𝑘1,..𝑛 : receiver clock for each constellation
𝐵𝑓𝑖
: estimated biases for each constellation

-

and frequency
∆𝑇𝑟 : zenithal tropospheric delay
𝑠𝐼 : slant ionospheric delay
𝑁 : phases ambiguities
𝑛 : number of constellations

1,..𝑛

5. Results
5.1. Test Architecture

5.4. Compared Performance
An extract of the results is presented hereafter.
5.4.1 Clear Sky
5.4.1.1 N50
The user is placed at 50 m from 5G BS.
N
5G BS
50 m
The PPP corrections are retrieved from an IGS caster,
and the GNSS observations are recorded from a mass
market receiver (Samsung Galaxy S8 or ublox M8T).
They are provided as RTCM streams through an NTRIP
connection. 5G observations are provided through a TCP
stream.
The hybridization with Precise Point Positioning is
computed with the software PPPwizard developed by the
French space agency CNES and customized, while the
hybridization with classical GNSS solution is computed
with the custom made rtknavi software from the open
source suite RTKLIB.
Each solution is provided under the same format and
post-processed with a Matlab code.

W
USER

S
N50 case
5.4.1.1.1 Single positioning

5.2. KPI
The defined KPI are the availability, the accuracy and
the convergence time (below 1 meter) of the solution.

5.3. Test Cases
The GNSS test conditions are visibility conditions and
are chosen to be clear-sky, urban and canyon
environments. GPS, GLONASS and GALILEO
constellations are used in the L1 band in order to be as
close as possible to current mass market receivers.
The 5G conditions are the relative position of the 5G
base stations (BS) with respect to the User Equipment
(UE). The following BS locations are used:
- N20: North 20 meters (azimuth angle equals 180
deg from the 5G BS)
- N20 E20: North 20 meters and East 20 meters (2
5G BS: 180deg and 270deg)
- N20 SE20: North 20 meters and South-East 20
meters (2 5G BS: 180deg and 315deg)

Ground track (Single positioning)

E

East errors (Single positioning)

East errors (PPP)
5.4.1.2 N20 E20

5.4.1.1.2 Precise Point positioning

The user is placed at 20 m from two 5G BS placed at
East and North.
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5.4.1.2.1 Single positioning
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Ground track (PPP)

Horizontal errors (Single positioning)
Horizontal errors (Single positioning)
5.4.2 Urban
5.4.1.2.2 Precise point positioning

5.4.2.1 N20 SE20
The user is placed at 20 m from two 5G BS placed at
South-East and North.
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5.4.2.1.1 Single positioning

Ground track (PPP)

Ground track (Single positioning)

Horizontal errors (PPP)
Horizontal errors (Single positioning)
Test
Case

5.4.2.1.2 Precise Point Positioning

Conf.

N50
Clea
r sky
N20
E20

Urba
n

N20
SE20

Method
PPP
PPP 5G
Single
Single. 5G
PPP
PPP 5G
Single
Single. 5G
PPP
PPP 5G
Single
Stand. 5G

Availa
bility
[%]
99.917
99.917
98.89
99.972
99.917
99.917
98.89
99.74
91.72
91.76
74.63
72.21

Mea
n
0.49
0.48
1.84
1.63
0.49
0.17
1.84
0.38
15.1
0.47
38.8
0.71

Std
0.22
0.21
1.27
1.16
0.22
0.06
1.27
0.15
11.5
0.21
95.9
0.46

Accuracy [m]
70th
prctl
0.63
0.60
2.16
1.87
0.63
0.21
2.16
0.46
16.1
0.57
38.2
0.74

95th
prctl
0.79
0.85
4.25
4.04
0.79
0.28
4.25
0.59
37.9
0.85
82.7
1.50

99th
prctl
0.96
0.96
6.43
5.74
0.96
0.31
6.43
0.66
53.1
0.95
167
1.93

Converge
nce time
[mn]
23.53
23.86
NA
NA
23.53
0
NA
NA
NA
31.8
NA
NA

6. Conclusions
The addition of a 5G antenna clearly improves the
positioning accuracy in the direction perpendicular to the
antenna.
Sub-metric accuracy is achievable even in an urban
environment with the use of two perpendicular 5G
antennas 20m apart.
A more detailed analysis of the results and testing
conditions will be presented in the full paper.
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