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Abstract

This deliverable has been created as part of the work in the project 5G-ALLSTAR Work
Package 3 (WP3) on Spectrum Sharing. It reports the findings of the interference analysis
for terrestrial-satellite spectrum sharing by using different approaches for the co-channel in-
terference such as outage probability based, stochastic geometry-based, QuaDRiGa based
and ray-tracing based, in addition to an interference analysis of the adjacent channel inter-
ference. Possible interference situations are described and certain situations are selected
for the analyses.

The selected interference situations can be further shortlisted based on the findings of this
report, in order to increase the focus on the most severe cases for the following task of de-
signing interference mitigation techniques.
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Executive Summary

This deliverable presents the findings of the interference analysis for terrestrial-satellite spec-
trum sharing. It discusses possible interference situations and selects the most important cases
for the analyses. In general, it can be differentiated between the interference that is caused by
the non-terrestrial system onto the terrestrial system and the interference that is caused by the
terrestrial system onto the non-terrestrial system. Further, the interference can be categorized
into co-channel and adjacent channel interference.

The analysis of co-channel interference is based on the channel models that were developed
in the beginning of the project. In addition, an outage probability analysis and a stochastic ge-
ometry-based analysis was conducted.

The theoretically derived outage probability analysis for the considered scenarios could be ver-
ified by simulations. The stochastic geometry-based analysis investigates the interference
caused by terrestrial base stations (BSs) onto the satellite earth stations (SESs) based on an-
tenna orientation of the SES and the distance between these nodes.

The ray-tracing based analysis investigates the impact of rain onto the interference at satellite
UEs and cellular UEs caused by terrestrial BSs and satellites, respectively. In addition, the ge-
ometric-stochastic approach based on QuaDRiGa examines the interference situations also in
two frequency bands that are currently envisaged for the deployment of a satellite 5G system,
i.e. S-band and Ka-band.

Finally, the adjacent channel interference analysis studies the need for additional signal pro-
cessing at the waveform level in order to mitigate interference at satellite UE caused by terres-
trial gNBs.
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1 Introduction

The introduction of spectrum sharing techniques between terrestrial and satellite systems re-
quires investigations in the interference that these systems cause to each other. In case of
severe inference, mitigation strategies have to be put in place in order to support the 5G-ALL-
STAR vision of a mobile communication network that comprises a terrestrial radio access as
well as a satellite radio access part.

In Section 2, the report first discusses the interference situations that are considered in this
project. Types of interferers and victims are introduced and the interference categorization into
co-channel and adjacent channel interference is motivated.

A small introduction about metrics commonly used in interference analyses is given in Section
3, in addition to some more general assumptions in the context of non-terrestrial networks.

The main part of the document (Section 4) focuses on the analysis of co-channel interference
utilizing the channel models that were developed in the beginning of the project and are de-
scribed in [27]. Both developed models, i.e. the ray-tracing based channel model and the sto-
chastic geometry-based channel model (QuaDRiGa) are used for this purpose. In addition, the
outage probability is analysed based on a theoretical approach.

Finally, the adjacent channel interference is analysed in Section 5, assuming a Cyclic-Prefix
Orthogonal Frequency Division Multiplexing (CP-OFDM) system considering the 5G New Radio
(NR) numerology as well as 5G NR Modulation and Coding Schemes (MCSs).

5G-ALLSTAR Public 1
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2 Considered interference situations

2.1 Interferer and victim types

The interference of interest that shall be investigated occurs between satellite (i.e., non-terres-
trial) and cellular (i.e., terrestrial) communication systems. The satellite can be either Geosta-
tionary Earth Orbit (GEO) or Low Earth Orbit (LEO) satellites, summarized as follows:

* GEO satellites are located in a geostationary orbit (at an altitude of 35,786 km in the
equatorial plane), and are seen from the Earth as if they are fixed in a specific location
in the sky since the angular velocities of the Earth’s self-rotation and the satellite match.
Hence, there is no Doppler shift induced by the satellite motion.

* LEO satellites rotate around the Earth at a much lower orbit (less than 2,000 km), and
are seen to be moving fast from the Earth’s view (at an orbital period of a few hours)
[5], leading to very high Doppler shift even for the stationary UE on the ground. The
Doppler shift value depends on several factors: carrier frequency, Earth radius, satellite
altitude, and satellite angular velocity. Due to the above effects, the interference from/to
LEO is much more intense and dynamic compared to its GEO counterpart.

The system consists of base stations (BSs), UEs, satellites (Sats) and Satellite Earth Stations
(SESs). Possible interference situations are shown in the following table.

Table 2-1: Considered interference cases

Interfering transmitter

BS1 |BS2 |UE1 | UE2 Sat1 | Sat2 | SES1 | SES2
BS1 . ,
2 BS2 Figure 2-1b Figure 2-1d
= | UE1 : Figure 2-1a :
(7] - -
£ [UE2 Figure 2-2b Figure 2-2a Figure 2-1c
2 | Sat1 Figure 2-2d, :
§ Sat2 Figure 2-5 Figure 2-2¢
- [ SEST Figure 2-3
SES2 g

Legend: [ Selfinterference |

The first interference type is the satellite-to-cellular interference, i.e. interference from satellite
devices to cellular devices. As shown in Figure 2-1, more specific classification is possible in
terms of interferer and victim. The interferer can be either a satellite UE (a UE that is served by
a satellite), as shown in Figure 2-1a and Figure 2-1b, or a satellite itself, as shown in Figure
2-1c and Figure 2-1d. The victim can be either a cellular UE (a UE that is served by the terrestrial
system), as shown in Figure 2-1a and Figure 2-1c, or a cellular gNB, as shown in Figure 2-1b
and Figure 2-1d. Summarizing the above, there are four specific scenarios regarding the inter-
ference from the satellite link to the cellular link:

* Interference from satellite UE to cellular UE is shown in Figure 2-1a. This scenario oc-
curs when the satellite link operates in the uplink direction while the cellular link oper-
ates in the downlink direction. The interference distance can be short, potentially lead-
ing to a significant impact to a cellular UE if the beam directions are aligned with each
other.

5G-ALLSTAR Public 2
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* Interference from a satellite UE to a cellular gNB is depicted in Figure 2-1b. This sce-
nario occurs when both the satellite and cellular links operate in the uplink. The inter-
ference distance can be short, potentially causing a significant interference onto the
cellular gNB.

* Interference from satellite to cellular UE as depicted in Figure 2-1c. This scenario oc-
curs when both the satellite and cellular links operate in the downlink. Due to a much
longer distance of the satellite link, it is expected that the interference experienced by
the cellular UE will be not significant.

* Interference from satellite to cellular gNB as depicted in Figure 2-1d. This scenario oc-
curs when the satellite link operates in the downlink direction while the cellular link op-
erates in the uplink direction. Similar to the above case, the interference will not be
significant due to the much longer distance of the satellite link.

Satellite

\?&xtellite %&

E-to-cellularUE
interference

(@)

Satellite

, ‘ ~ Satellite

Satellite-to-cellular UE 5o

interference o5 \b
/ &
v

Satellite-to-cellulargNB ¢
interference ’,'

(d)

Figure 2-1: Satellite-to-cellular interference scenarios: a) From satellite UE to cellular UE; b)
From satellite UE to cellular gNB; c) From satellite to cellular UE; d) From satellite to cellular
gNB

The second type of the interference is the cellular-to-satellite interference, i.e. interference from
cellular devices to satellite devices. In this case, the interferer can be either a cellular UE, as

5G-ALLSTAR Public 3
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shown in Figure 2-2a and Figure 2-2c, or a cellular gNB, as shown in Figure 2-2b and Figure
2-2d. The victim can be either a satellite UE, as shown in Figure 2-2a and Figure 2-2b, or a
satellite itself, as shown in Figure 2-2¢ and Figure 2-2d. Similar to the above satellite-to-cellular
interference counterpart, there are four specific scenarios regarding the interference from the
cellular link to the satellite link:

Interference from cellular UE to satellite UE as depicted in Figure 2-2a. This scenario
occurs when the satellite link operates in the downlink direction while the cellular link
operates in the uplink direction. A significant interference impact is expected due to the
short distance of the interference link.

Interference from cellular gNB to satellite UE as depicted in Figure 2-2b. This scenario
occurs when both the satellite and cellular links operate in the downlink directions. A
significant interference impact is expected due to short distance between the interferer
and the victim.

Interference from cellular UE to satellite as depicted in Figure 2-2c. This scenario oc-
curs when both the satellite and cellular links operates in the uplink directions. A less
significant interference impact is expected due to the long distance of the interference
link and the lower transmit power of the cellular UE.

Interference from cellular gNB to satellite as depicted in Figure 2-2d. This scenario oc-
curs when the satellite link operates in the uplink direction while the cellular link oper-
ates in the downlink direction. Due to very long interference link distance and the rela-
tively weak transmit power of the cellular gNB, the interference is expected to be much
less significant.

5G-ALLSTAR Public 4
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Figure 2-2: Cellular-to-satellite interference scenarios: a) From cellular UE to satellite UE; b)
From cellular gNB to satellite UE; c) From cellular UE to satellite; d) From cellular gNB to satel-
lite

Figure 2-3 illustrates the spectrum sharing model consisting of a satellite and a terrestrial system,
in which the satellite Earth station receives the desired signal from the satellite while being
interfered by BSs.
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