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The 5G-CHAMPION project:

Å Received funding from the European Union 

(H2020) and Korean Government

Å Testing 5G communication & protocols 

Å ETRI (korea) and Univ. of OULU

Å Explore 5G positioning capabilities

Å mm-Wave positioning ïUniversity of OULU

Å Hybridization with GNSS ïTelespazio & 

Thales Alenia Space

SCOPE OF THE PROJECT
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1. Technology Overview

1. Beamforming positioning

2. Hybridization with Single Point Positioning

3. Hybridization with PPP

2. Test Procedures

1. Test architecture

2. Test cases

3. Test Results

4. Conclusions
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1 - Technology Overview
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Azimuth and Elevation angles computation:

1. Scan beam cover area (60deg with 

realistic antenna patterns)

2. Select the max SNR (for example #4) 

among 8 beams of width 60/8=7.5deg

3. Select the 2 neighbors beams, resulting 

in a beam width of 3*7.5=22.5deg
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Beam index

Beam cover = Beam center + [-3.75° .. 3.75°]

[-30° .. 30°]

Beam selection ï1st round

5G BS
Antenna network

UE
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Beam index

Beam selection ï2nd round

Steps:

1. Divide the 1st round beam selection 

(22.5deg) in 8 beams. 

Beam width: 22.5/8=2.812deg

2. Select the max SNR among the 8 beams

3. Results in a line with 2.8deg resolution
5G BS
Antenna network

UE
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Use of the beamforming capability of the 

5G antennas:

Å mm-Wave technology

Å Angle of Arrival (AoA)
Å Azimuth and Elevation angles of the User 

Equipment (UE)

Å 5G observation:
Å Azimuth & Elevation angle

Å 5G BS ECEF position

Beamforming based positioning
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Method: Weighted Least Square using 

RTKLIB software suite (RTKNAVI tool).

Measurement Model
Å GNSS pseudo range

Å 5G observations

Only Azimuth angles are considered in this 

model

Elevation excluded from the model 

Å GNSS variance model is derived from RTKNAVI 

library

Å Azimuth variance is computed from a uniform 

distribution related to 2.8deg
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Single Point Positioning and Hybridization
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Å Using PPP-WIZARD tool from CNES along with PPP corrections 

from IGS caster.

Å 5G observations and error model added to the PPP-Wizard  EKF

Å The same 5G error model as the single point positioning

Precise Point Positioning and Hybridization
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2 - Test Procedures
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Definition of a mixed 5G/GNSS architecture
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Å Open Sky 
Å GPS, GLONASS & GALILEO in L1 band

Å No elevation mask

Å Urban 
Å GPS, GLONASS & GALILEO in L1 band

Å No elevation mask

Å Canyon (specific case with 3 satellites in 

view)
Å GPS in L1 band

Å 45deg elevation mask

Test Environment
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The test scenarios are based on real GNSS signals but 

5G BS were simulated.

We consider 3 test configurations for 5G BS :

1. 1 5G BS at North of the User Equipment

2. 2 5G BS :

Å 1 BS at North of the User Equipment 

Å 1 BS at East of the User Equipment 

3. 2 5G BS :

Å 1 BS at North of the User Equipment 

Å 1 BS at South-East of the User Equipment 

We consider a dense network of 5G BS located 20m 

away from the User Equipment

Test configuration
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3 - Test Results
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Positioning performance

1 BS at 20m North

SPP Position error w.r.t a known reference for Open Sky Environment

Å GNSS only (SPP)

Å 5G hybridization (SPP)

1 BS at 20m North

1 BS at 20m East

1 BS at 20m North

1 BS at 20m South-East
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Positioning performance

1 BS at 20m North

SPP Position error w.r.t a known reference for Urban Environment

Å GNSS only (SPP)

Å 5G hybridization (SPP)

1 BS at 20m North

1 BS at 20m East

1 BS at 20m North

1 BS at 20m South-East
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Positioning performance

1 BS at 20m North

SPP Position error w.r.t a known reference for Canyon Environment

Å GNSS only (SPP) Ą no solution

Å 5G hybridization (SPP)

1 BS at 20m North

1 BS at 20m East

1 BS at 20m North

1 BS at 20m South-East
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Å During Canyon the UE runs under bad 

geometric configuration

Å The User position is not observable along the 

East-West axis

Å 3 aligned satellites aligned on East-West 

axis

Å One 5G BS located on North-South axis

5G BS

UE

Canyon ïSkyplot
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Positioning performance

1 BS at 20m North

PPP Position error w.r.t a known reference for Open Sky Environment

Å PPP only

Å 5G hybridization

1 BS at 20m North

1 BS at 20m East

1 BS at 20m North

1 BS at 20m South-East
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Positioning performance

1 BS at 20m North

PPP Position error w.r.t a known reference for Urban Environment

Å PPP only

Å 5G hybridization

1 BS at 20m North

1 BS at 20m East

1 BS at 20m North

1 BS at 20m South-East


