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1 Introduction

This report contains results and documentation for work package 3 about positioning with 5G
in the HyPos project. HyPos project goal is to explore positioning with scalable high precision
GNSS positioning and real time positioning with 5G, and how these technologies can be
combined to a hybrid positioning service that utilize the advantages of each technology.

The project has investigated scalable high precision GNSS positioning in work package 2, and
this report contains information about real time positioning with 5G.
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Figure 1: Concept of HyPos: (i) Scalable high precision GNSS service (ii) Positioning with 5G (iii) Hybrid positioning
service and user group

2 Enabling real time positioning with telecom network

Two telecom base stations at Kista, Stockholm, were upgraded to be able to use the latest
advancements of 5G positioning within the NorthStar network [1]. Position determination
relies on measuring both the distance and angle between a base station and a 5G-enabled
device. Consequently, the exact coordinates of each base station must be known. Using these
coordinates, polar measurements are applied to calculate the device’s position at the
positioning server. All 5G position data for the capture device is stored for exposure to
network applications and saved in log files.

SSR GNSS corrections were enabled from telecom base stations by use of 3GPP
standardisation to achieve GNSS positions at sub 5cm level. GNSS positions for the data
capture device are reported to the positioning server and stored for exposure to network
applications and saved in log files.

3 Data capture

Data captures were conducted at Kista, Stockholm, by use of a 5G enabled router and a
GNSS receiver as a capture device. The GNSS positions have an accuracy of sub 5cm and are
used as reference positions versus the 5G positions. Data captures were done in an area
served by two sites at Kista, using positioning measurements from one base station to
calculate the 5G positions.



The area was divided into two subareas, each served by one of the 5G base stations. As
illustrated by Figure 2, 5 static test locations were used in the first subarea (left), while 11
test locations were used in the second subarea.
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Figure 2: Static test locations for the first (left) and second (right) subareas, each served by different base stations.

In addition, 8 successful drive test was conducted in the area next to or between the static
test locations, both inside the respective subarea and between subareas.

4 Analysis and results

Two test campaigns were conducted, one in the morning and on in the afternoon, both
containing static and drive tests.

4.1 Static tests

Static tests were conducted by standing still at a test location and measuring positions for a
couple of minutes, both with GNSS and with 5G/mobile positioning.

In this section the results from all the static tests are listed. For every test, first the base
station site is given, second, the defined test location shown in Figure 2, and third, for which
test campaign (morning or afternoon). This is followed by:

e one plot with the 5G network-based position estimates compared to the mean high
accuracy GNSS position estimates (red) in a latitude/longitude plot

e one plot with a histogram of the relative distances in meters between the 5G
position estimates and the high accuracy GNSS position estimate.

e one plot with the 5G position estimates and the GNSS position estimates on a map

e a table with distance between the connected base station location and the 5G
position estimates, the angle deviation from the 5G position estimate compared to
the GNSS position estimate (reference would always be 0 degree), and third, the
distance deviation between the 5G position estimate and the GNSS position
estimate.



Site 1, test location 1, morning test campaign
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»
179‘610 179‘11‘? 179‘120 ‘75:42‘? 70 BID 9‘0 1!;0 11‘0 12’0 I‘.LD 11‘10

Distance Angle deviation Distance deviation

170.6026 35.81187 76.55699

194.6265 26.06940 100.58088

186.5420 32.50915 92.49633

Site 1, test location 1, afternoon test campaign
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Site 1, test location 1 - slightly more south, afternoon test campaign
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Site 1, test location 2, morning test campaign
Histogram of distances
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Site 1, test location 2, afternoon test campaign

Histogram of distances
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Site 1, test location 3, morning test campaign
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Site 1, test location 3, afternoon test campaign
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Site 1, test location 4, morning test campaign
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Site 1, test location 4, afternoon test campaign
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Site 1, test location 5, morning test campaign
o Histogram of distances
i e

Lavtude

5940715
1

5940710

T T
179420 179422

T
179424

Longitude

T
179426

179428

Frequency

distances

50

Distance Angle deviation Distance deviation
129.2604 -17.38250 33.54960
128.8505 -15.30710 33.13972
116.8523 -13.42827 21.14153
117.1313 -17.77878 21.42048
118.3480 -17.38331 22.63723
112.7477 -14.12047 17.03687
130.0841 -13.52684 34.37329
121.9807 -14.02224 26.26987
113.0182 -17.77830 17.30739
121.6641 -14.02246 25.95325

Site 1, test location 5, afternoon test campaign
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Site 2, between test locations 1 and 2, afternoon test campaign
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Site 2, test location 2, morning test campaign
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Site 2, between test locations 2 and 3, afternoon test campaign
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Histogram of distances
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Site 2, test location 5, morning test campaign
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Site 2, test location 6, afternoon test campaign
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Site 2, test location 7, morning test campaign
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Site 2, test location 7, afternoon test campaign
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Site 2, test location 8, afternoon test campaign

17



594085

594083

Lattude

50.4081

15
g 4
@

Longitude

T T T T
179384 179386 179388 179390 179392 179394

Histogram of distances

R )

Distance Angle deviation Distance deviation
108.9400 -13.976079 71.67849
121.3576 -12.420289 84.09608
115.4889 -12.310831 78.22739
108.7064 -12.241665 71.44486
129.7630 -12.498525 92.50148
110.9264 -13.712808 73.66495
105.3377 -12.324268 68.07621
107.5466 -13.056284 70.28510
104.5184 -12.916022 67.25695
105.5989 -9.625539 68.33737
103.1543 -13.995441 65.89278
Site 2, test location 9, morning test campaign
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Site 2, test location 9, afternoon test campaign
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Site 2, test location 10, morning test campaign
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Site 2, test location 10, afternoon test campaign
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Site 2, test location 11, afternoon test campaign
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197.2933 14.429230 73.94303
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194.3414 14.061202 70.99108
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Overall, the 5G positioning works well, but the accuracy varies with different environments,
specifically different multipath environments. At some test locations, the distance and angle
error is quite small, while at other test locations, there is a bias in distance, in angle or in
both distance and angle.

4.2 Drive test

A few drive tests were also conducted, where some of the tests included assumed handover
between site 1 and site 2. The data did not include parameters to confirm this or localise
where the handover happened. The results from these tests are shown below

Site 1 and Site 2 in use, driving in east direction (OBS: 2 min stop at red circle location)
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4.3 Base station coordinates

From the analyses it came clear that each base station has three antennas each covering a
sector as seen in Figure 3: Telecom base stations and antennas covering a sector.
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Figure 3: Telecom base stations and antennas covering a sector.



When doing the data capture one coordinate were used for each base station, and not for
each antenna were the actual range and angle measurement are done. Approximate
deviations from used base station coordinate to antenna coordinates are listed.

Base station | Antenna Deviation north (m) Deviation east (m)
107650 1 -1 28
2 -24 8
3 5 20
124931 1 7 2
2 -8 -3
3 -1 -7

These deviations will influence the 5G position coordinate that were compared to the GNSS
position.

5 Summary and conclusions

Further work with 5G positioning needs to consider the coordinates of each antenna at each
site. To know the correct angle each antenna is pointing are also important since position
calculations are based on angle and distance measurements. Further advancements in signal
processing to handle multipath effects, which affect distance and/or angle measurements, are
also of concern.
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